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ADVERTISEMENT. 


The  importance  of  blasting,  almost  the  only  im- 
provement which,  modern  science  has  placed  at  the 
disposal  of  the  quarryman  to  lessen  his  toil,  has 
already  exhausted  several  editions  of  this  treatise ; 
and  the  practical  knowledge  brought  to  bear  on  the 
subject  by  General  Burgoyne,  which  it  communi- 
cates, is  so  highly  appreciated  by  all  connected  with 
stone  and  slate  quarries,  that  a  reissue  of  the 
treatise  is  again  called  for. 

To  the  fifth  edition  an  Appendix  was  added  by 
Mr.  Weale,  containing  some  account  of  the  failure 
of  the  attempts  to  blow  up  the  unfinished  bridge  of 
Pesth  by  the  Austrians  in  1848 ;  and  of  a  like 
unsuccessful  attempt  by  the  same  to  blow  up  the 
bridge  over  the  Ticino,  near  Magenta,  in  1859.  The 
first  was  communicated  by  the  late  Mr.  William 
Tierney  Clark,  the  engineer  of  the  bridge ;  and  the 
second  is  from  the  pen  of  General  Burgoyne. 

Mr.  Weale  also  added  the  parliamentary  speech 
of   Captain  Yernon  when  calling   the  attention  of 
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the  House  of  Commons  to  the  "  Services  of  the 
Royal  Engineers  in  the  Crimea.**  That  speech  will 
ever  be  read  with  interest  as  a  tribute  justly  paid 
to  the  skill  and  discernment  of  General  Burgoyne 
during  that  campaign,  more  particularly  as  regards 
the  siege  of  Sebastopol. 

By  way  of  Appendix  Mr.  Mallet  has  added  a 
note  upon  "  Mechanical  Rock-boring  and  Cutting/' 
as  pursued  at  the  Mont  Cenis  Tunnel,  now  in 
progress,  and  upon  "  Rock-hewing  Machinery '' 
employed  upon  various  coal-seams  in  the  north,  and 
at  the  Holyhead  Quarries,  where  the  rock  is 
quartzite. 

To  this  edition  a  general  Index  is  also  now 
added. 


January,  1868. 
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QUARRYING  AND  BLASTING  ROCKS. 


Iif  a  "  Rudimentary  Series,"  such  as  the  one  to  which  this 
volume  belongs,  perhaps  no  subject  can  be  introduced  with 
greater  fitness  than  that  of  quarrying  or  stone-getting, — 
certainly  one  of  the  rudimentary  arts  connected  equally  with 
the  duties  of  the  engineer,  the  architect,  and  the  practical 
builder.  Any  attempt  to  recount  the  history  of  the  art 
would  oblige  us  to  extend  our  retrospect  to  a  very  early  date, 
perhaps  we  should  rather  say  to  a  dateless  period ;  to  call  to 
mind  the  structural  w^onders  of  Tyre,  of  Sidon,  and  of 
Thebes ;  and  to  close  the  history  with  the  confession  that, 
however  the  mechanical  modes  of  wielding  the  wrought 
masses  may  have  received  improvement  in  modern  times,  the 
primitive  methods  and  tools  of  the  quarry  man  and  of  the 
mason  have,  if  we  except  the  introduction  of  gunpowder, 
become  no  more  altered  in  our  hands  than  have  the  chiselled 
works  of  the  ancient  sculptors  been  surpassed  by  the 
productions  of  later  ages.  The  one  powerful  assistant, 
however,  to  which  we  have  referred,  has  been  enlisted  in  the 
service  of  the  quarry  within  a  comparatively  recent  period, 
iiid  its  aid  has  certainly  supplanted  to  a  great  extent  the 
iction  of  the  wedge  and  the  hammer. 

Without  this  valuable  auxiliary,  the  work  of  separating 
arge  masses  of  stone  from  their  native  blocks  or  beds  must 
lave  been  infinitely  more  laborious,  and  have  needed  also 
I  skill  of  no  mean  degree.  The  art  of  applying  gunpowder 
;o  this  purpose  has,  however,  remained  very  nearly  the  same 
ince  the  first  experimenter  "jumped"  and  "charged  "a 
)ore  in  the  stubborn  rock,  which  till  then  had  been  attacked 
)nly  with  the  chisel  and  the  wedge. 
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\  QUARRYING    AND    BLASTING    HOCKS. 

The  implements  employed  for  quarrying  by  mere  manual 
labour  are  simply  the  sledge  hammer  or  mallet,  the  borer  or 
chisel,  and. the  wedges,  besides  trucks,  and  such  gearing 
as  may  be  required  to  facilitate  the  removal  of  the  blocks 
when  detached.  Of  these,  the  only  one  which  needs  any 
description  is  the  chisel,  which  is  an  iron  rod  with  a  steel 
cutting  end,  welded  at  one  extremity,  and  flattened  to  a 
wedge-like  form  atthe  other.  The  implements  used  in  blasting 
are  of  a  similarly  simple  character,  and  consist  of  the  borer 
or  jumping  tool,  the  scraper  for  clearing  the  hole  of  the 
chips  produced,  the  claying  bar  for  driving  in  dry  clay  if  the 
hole  be  too  damp  for  the  immediate  introduction  of  the 
charge,  the  needle,  which  is  driven  into  the  charge,  and 
remains  while  the  hole  is  filled  up  with  stones,  &c.,  so  that, 
when  ultimately  withdrawn,  a  channel  is  preserved  commu- 
nicating directly  with  the  powder.  While  the  needle,  which 
is  a  long  thin  copper  rod,  remains  in  its  place,  the  space 
around  it  is  filled  up,  by  means  of  the  tamping  bar,  with 
stones,  &c. 

In  the  following  paper,  which  is  from  the  pen  of  Major- 
General  Sir  J.  F.  Burgoyne,  we  have  a  most  useful  collection 
of  facts  upon  the  subject  of  blasting,  together  with  a 
complete  account  of  the  process  and  the  materials  employed, 
and  several  hints  for  the  improvement  of  both,  which  we 
trust  will  receive  all  the  attention  due  to  their  high  authority 
and  intrinsic  practical  value. 

The  operations  which  constitute  the  entire  process  of 
blasting  are,  boring  the  holes,  loading,  and  firing. 

BOEING   THE    HOLES. 

The  best  means  of  expediting  the  operation  of  blasting, 
would  be  by  any  contrivance  that  would  render  the  boring 
of  the  holes  more  quickly  executed. 

The  ordinary  implements  used  for  this  purpose  are,  the 
jumper  or  cutting-tool,  the  hammer,  and  the  scraper. 

There  is  much  discrepancy  in  the  account  given  in 
different  places,  of  the  time  required  for  boring  holes ; 
arising  from  differences  in  the  precise  quality  of  the  rock, 
the  mode  of  working,  and  the  different  bases  of  calculation. 

The  following,  obtained  from  John  Mac  Mahon,  Esq.,  of 
Dublin,  is  the  result  of  some  considerable  experience  in 
quarries  of  granite  of  good  quality  at  Dalkey,  in  the  neigh- 
bourhood of  Dublin. 
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"  3-incli  jumpers,  used  in  boriug  holes  from  9  to  15  feet 
deep ;  2  men  striking,  and  1  man  holding  and  turning  the 
jumper,  bored  on  an  average  4  feet  in  a  day,  or  5  feet  with  a 
2^-inch  jumper,  which  was  frequently  used  for  boring  the 
same  depth. 

*'  2i-inch  jumper,  for  holes  from  5  to  10  feet  deep  ;  3  men 
as  above  would  bore  on  an  average  6  feet  each  daj. 

*'  2-inch holes  from  4  to  7  feet  deep ;  3  men  would 

bore  8  feet  of  such  holes. 

"  l|-inch holes  from  2  feet  6  inches  to  6  feet;  the 

3  men  bored  12  feet. 

"  In  working  the  two  last  classes,  a  strong  boj  will 
answer  to  turn  the  jumper  instead  of  a  man. 

"  1-inch  jumper,  for  breaking  the  fragments  of  rock  to 
smaller  pieces  ;  1  man  bored  8  feet  per  day. 

,"  The  waste  of  steel  and  iron  was  nearly  as  follows  : — a 
3-inch  jumper  took  for  its  bit  2  lb.  of  steel,  with  which  it 
would  bore  16  feet,  on  being  dressed  or  sharpened  18  times  ; 
waste  of  iron  18  inches  to  each  steeling,  or  1^  inch  for  ea^h 
foot  bored. 

2-inch  jumper  took  1  J  lb.  of  steel. 
11-inch      „         „     I  lb. 
1-inch        „         „     3  oz. 

"  They  would  all  bore  from  18  to  24  feet  with  each 
steeling,  and  require  to  be  sharpened  about  once  for  every 
foot  bored. 

"  The  weight  of  the  hammers  used  in  boring  with  each 
class  of  jumper  was  as  follows  : — 

18  lb.  hammers  for  3-inch  jumpers, 

161b.         „         „     2iand2Mtich, 

14  lb.         „         „     2  and  l|-inch, 

5  to  7  lb.  „         „     1-inch,  used  by  one  man. 

"  Churn  jumpers,  so  called  from  the  manner  in  which  they 
are  worked,  from  7  to  8  feet  long,  with  a  steel  bit  at  eacli 
end  ;  general  diameter,  li  to  li-inch.  Two  men  would  bore 
with  them  about  16  feet  per  day." 

These  last  are  much  more  efficient  than  those  struck  on 
the  head  with  a  hammer,  and  are  sometimes  used  with  a 
spring  rod  and  line.  They  are  applicable  to  holes  that  are 
vertical,  or  nearly  so,  and  to  rock  that  is  not  too  hard  :  in  the 
granite  at  Kingstown  they  were  abandoned  on  account  of  the 
edges  turning  so  fast,  that  the  frequency  of  the  necessary 
sharpenings  gave  the  advantage  to  the  use  of  the  hammer; 
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where  they  can  be  used,  the  work  will  be  performed  at  a  far 
more  rapid  rate  than  even  above  mentioned.  In  boring 
artesian  wells  to  great  depths  the  application  of  the  tool  is 
entirely  on  this  principle. 

A  still  quicker  mode  of  boring  would  be  by  drilling  the 
holes,  if  it  were  feasible.  It  has  often  been  proposed,  but 
the  cutting  edges  of  the  tools  will  not  stand  in  any  kind  of 
stone. 

Where  charges  Have  been  exploded  without  blowing  out 
the  tamping,*  it  may  be  very  desirable  to  bore  the  latter  out 
for  the  purpose  of  introducing  another  charge  ;  in  such  case 
the  hole  need  not  be  of  the  size  of  that  originally  made,  as 
1-inch  bore  will  be  adequate  at  any  time. 

In  clay  tamping,  a  hole  may  be  bored  out  with  the  jumper 
and  hammer  at  the  rate  of  about  26  minutes  for  3  feet. 
Broken  stone  tamping  will  be  bored  out  at  the  rate  of  20 
minutes  for  3  feet. 

A  very  few  trials  were  made  to  bore  a  hole  through  clay 
tamping  with  an  auger ;  the  labour  w-as  less,  as  fewer  men 
were  necessary ;  the  time  consumed  was  somewhat  more, 
but  the  tool  was  capable  of  improvement,  and  the  men  were 
new  to  its  use. 

It  is  conceived  that  augers,  properly  constructed,  may  be 
used  to  advantage  in  re- boring  through  clay  tamping  for 
successive  blasts  from  the  same  hole,  to  the  gain  of  a  saving 
in  time  and  labour,  and  avoiding  the  application  of  water, 
which  is  necessary  with  any  kind  of  jumper. 

In  case  of  a  miss-fire  it  is  a  very  dangerous  practice  to 
re-bore  the  hole,  and  has  occasioned  very  many  bad  accidents  ; 
it  is  very  properly  usually  forbidden  altogether.  If  the  hole 
be  vertical,  or  nearly  so,  and  the  needle  or  fuse  hole  can  be 
cleared,  so  as  to  ensure  a  thorough  wetting  of  the  charge,  by 
pouring  water  down,  it  might  be  done  wdth  safety  ;  but 
sometimes  the  very  object  of  the  quarry  man  is  to  save  the 
powder, — a  very  unworthy  one  for  which  to  incur  the  great 
risk  of  killing  or  maiming  two  or  three  workmen. 

To  prevent  the  loss  of  any  large  charge  in  this  way,  a  hole 
is  sometimes  bored  on  one  side,  and  within  a  few  inches  of 
the  one  that  has  failed,  to  the  same  depth  as  its  charge,  and 
being  loaded  and  exploded,  has  had  the  effect  of  igniting  the 
other  also. 

*  The  "  tamping^'  is  the  filling  up  of  the  hole  in  which  the  charge  of 
powder,  &c.,  is  dexjosited. — Ed. 
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An  apparatus  for  boring  to  considerable  deptlis  Las 
recently  been  introduced  into  this  country  from  mines  in 
G-ormany*  by  Charles  Vignoles,  Esq.,  C.E.,  which  it  is 
believed  is  far  more  efficient  than  any  hitherto  employed  in 
Great  Britain. 

This  machinery  has  been  in  operation,  it  is  believed,  on  the 
Manchester  and  Sheffield  Eailway,  of  which  Mr.  Vignoles 
was  the  engineer ;  its  direct  application  being  to  bore  into 
and  ascertain  the  precise  qualities  of  the  strata  through  which 
the  great  tunnel  (3  miles  in  length)  will  be  carried,  which  is 
to  form  the  commumcation  through  the  mountain  ridge  that 
divides  the  eastern  and  western  inclines  of  England. 

The  principal  feature  in  the  process  is  that  the  cutting 
tools  are  attached  to  a  heavy  weight,  and  worked  by  a  rope, 
instead  of  by  rods  with  screw  joints. 

The  rope  is  wound  round  a  cylindrical  roller  by  a  winch, 
and  there  are  several  ingenious  contrivances  in  the  details 
and  parts  of  the  machinery,  that  tend  to  facilitate  the 
operation. 

Upon  the  judicious  selection  of  the  position  of  the  holes 
will  in  a  great  measure  depend  the  useful  effiect  of  the  blast ; 
but  two  leading  errors  are  committed  by  quarrymen  or 
miners  in  general,  viz.,  selecting  an  injudicious  position  for 
the  charge,  by  which  the  action  of  the  powder  is  exerted  in 
the  direction  of  the  opening  where  it  was  introduced ;  and 
the  adopting  as  a  rule  for  the  several  charges,  to  fill  a  certain 
number  of  feet  or  inches  of  the  hole  bored,  usually  one- 
third  of  its  depth,  instead  of  employing  given  weights 
adapted  to  the  lines  of  least  resistance. 

The  line  of  least  resistance  is  that  line  by  which  the 
explosion  of  the  powder  will  find  the  least  opposition  to  its 
vent  in  the  air.  This  need  not  necessarily  be  the  shortest 
line  to  the  surface  ;  as,  for  instance,  a  long  line  in  earth 
may,  from  the  same  charge,  affi)rd  less  resistance  than  a 
shorter  line  in  rock. 

Supposing  the  matter  in  which  the  explosion  is  to  take 
place  to  be  of  uniform  consistence  in  every  direction,  charges 
of  powder  to  produce  similar  proportionate  results  ought  to 
be  as  the  cubes  of  the  lines  of  least  resistance,  and  not 
according  to  any  fanciful  depth  of  hole  bored. 

Thus,  if  4  ounces  of  powder  would  have  a  given  effect 

*  It  is  said  that  boring  on  a  similar  pi*inciple  has  been  long  used  in 
China. 
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upon  a  solid  piece  of  rock  of  2  feet  thick  to  the  surface,  it 
ought  to  require  13 ^  ounces  to  produce  the  same  effect  upon 
a  piece  of  similar  rock  3  feet  thick  ;  that  is, 


Cube  of  2-feet 
line  of  least 
resistance. 


as 


8 


IS  to 


Charge  of 

powder 
in  ounces. 


Cii1)e  of  3-feet 
line  of  least 
resistance. 

27 


to 


Charge 
in  ounces. 


or,  what  is  the  same  thing,  half  tlie  cube  of  the  line  of  least 
resistance  expressed  in  feet,  will,  on  this  particular  datum^ 
be  the  charge  in  ounces,  as  follows : — 


Lines  of  least  resistance 
in  feet. 

1        . 

2 

3      .         . 

4 

5      . 

6 

7     . 

8 


Charge  < 
lb. 

5f  powder 
oz. 

.      0 

Oi* 

.      0 

4 

.      0 

13i 

.     2 

0 

.     3 

14i 

.     6 

12 

.  10 

Hi 

IG     0 


These  quantities  being  of  common  merchants'  blasting 
powder,  will  be  found  adequate  for  any  rock  of  ordinary 
tenacity;    but    a    precise 


datum  should  be  ascer- 
tained by  a  few  actual 
experiments  on  the  parti- 
cular rock  to  be  worked. t 
Thus,  with  a  2-feet  line 
of  least  resistance  (a  to  b, 
fig.  1),  whether  4  ounces 
or  6  ounces,  or  8  ounces, 
are  requisite  to  produce  a 
good  effect ;  with  3 -feet 
line    of    least    resistance, 


Fig.  1.— (Section.) 


whether  13i  ounces,  or  18  ounces,  or  27  ounces,  &c. 


♦  To  so  small  a  quantity  as  \  ounce  a  little  excess  miglit  be  added, 
but  \  ounce,  or  \  ounce  more,  will  be  sufficient. 

t  In  the  granite  quarries  of  Kingstown  (near  Dublin)  these  charges 
were  sufficient  to  open  the  rock  where  there  were  no  fissures,  apparent 
weakness,  or  other  advantage  ;  but  where  the  line  of  least  resistance  was 
not  that  of  the  hole  bored,  the  effect  was  either  to  bring  it  down,  or 
only  to  cnick  it,  according  to  the  quality  of  the  powder  used. 
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On  tlie  results  of  these  trials  a  scale  may  be  adopted  for 
guide  in  the  service. 

With  regard  to  the  first  error  above  mentioned,  that  of 
leaving  the  action  of  the  powder  to  be  exerted  in  the  direction 
of  the  hole  bored,  one  consequence  is  that,  with  small 
charges,  commonly  a  part  of  the  explosion  finds  compara- 
tively easy  vent  by  that  opening  (in  spite  of  the  best 
tamping),  and  is  wasted ;  and  it  is  only  the  excess  that  acts 
in  producing  the  eifect  required  on  the  rock ;  whereas,  if  the 
explosion  were  forced  through  another  direction,  the  w^iole 
of  its  power  would  be  exerted  beneficially.  But  the  great 
objection  is,  that  the  rock  is  then  so  much  more  firmly 
bound  all  round  the  charge,  as  to  oppose  and  lessen  in  a  very 
great  degree  the  extension  of  the  effect  of  the  explosion. 

It  must  be  understood  that,  even  although  the  line  of 
least  resistance  should  be  in  the  direction  of  the  hole  bored, 
the  de^th  of  the  hole  will  by  no  means  be  the  measure  by 
which  the  proportions  of  powder  for  the  charge  can  be  taken 
according  to  the  above  rule,  namely,  as  the  cubes  of  the  lines 
of  least  resistance. 

1st,  because  the  tamping,  however  good,  or  by  whatever 
contrivance  strengthened,  cannot  be  equal  in  strength  to  the 
solid  rock. 

2ndly  and  chiefly,  because  of  the  various  proportions  of 
the  entire  depth  of  the  hole  occupied  by  different  charges  of 
powder  :  thus,  \  ounce  of  powder  will  occupy  an  insignificant 
proportion  of  the  depth  of  even  1  foot  of  a  1-inch  hole,  and 
aho  the  4  ounces  for  a  2-feet  line  of  least  resistance  would 
fill  only  2  inches  of  a  1-inch  hole,  and  consequently  occupy 
one-twelfth  of  the  2  feet,  and  leave  1  foot  10  inches  of 
tamping;  while  the  13 i  ounces  for  a  3-feet  line  of  least 
resistance  would  occupy  of  a  1-inch  hole  above  6  inches,  that 
is,  more  than  one-sixth,  and  leave  only  2  feet  6  inches  of 
tamping,  and  consequently  of  resistance,  such  as  it  is. 

This  might  be  remedied  in  one  way,  by  applying  holes 
of  larger  diameters  for  increasing  charges,  but,  by  so  doing, 
an  increased  amount  of  the  less  resisting  medium  (the 
tamping)  would  be  the  consequence,  which  again  renders 
the  calculation,  founded  on  a  resistance  of  solid  rock, 
incorrect. 

There  is  another  reason  why  the  powder  is  ill  applied 
when  the  explosion  takes  place  in  the  same  line  as  the  bore, 
which  is,  that  it  is  placed  longitudinally  with  the  line  of  least 
resistance,  as  at  c,  in  fig.  2,  and  not  perpendicular  to  it,  as 
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at  p ;  when  much  extended,  the  elongated  form  in  either  is 
bad,  but  it  is  worst  in  the  former  case. 


I''iff.  2. — (Scctiou.) 

When  the  common  mode  of  blasting  is  adopted,  a  loud 
report  is  heard  like  a  gun  (louder  in  general  in  proportion  to 
the  less  useful  effect  produced),  and  fragments  of  stone  are 
frequently  thrown  to  a  considerable  distance;  but  when 
done  judiciously,  the  report  will  be  trifling,  and  the  mass 
will  be  seen  to  be  lifted,  and  thoroughly  fractured,  rent,  or 
thrown  over,  wdthout  being  forcibly  projected. 

It  is  the  irregularity  and  extent  of  the  violent  explosion 
following  the  ordinary  process,  that  renders  it  so  peculiarly 
difficult  to  form  an  accurate  judgment  on  the  proper  charges 
for  each  circumstance  ;  the  consequence  is  a  practice  purely 
empirical.  The  miner  or  quarryman  will  give  as  his  rule 
either  a  proportionate  depth  of  hole,  or,  aware  how  frequently 
that  must  prove  erroneous,  is  driven  to  his  usual  answer, 
that  he  knows  from  the  ap'pearance  of  the  situation,  what  to 
apply;  that  is,  in  fact,  admitting  that  it  is  a  matter  of 
caprice,  and  provided  a  certain  effect  is  produced,  he  is  little 
aware  how  much  time,  powder,  and  labour,  may  have  been 
wasted. 

It  is  difficult  to  make  ordinary  quarrymen,  or  even  over- 
seers, understand  correctly  the  meaning  of  the  lines  of  least 
resistance :  after  appearing  to  comprehend  it,  they  are 
frequently  observed  to  confound  it  with  the  length  of  hole 
bored,  or  with  some  conceived  necessary  direction  either 
vertical  or  horizontal. 

With  respect  to  the  second  error  mentioned,  it  can  easily 
be  shown  how  very  erroneous  must  be  the  rule  of  measuring 
the  charge  by  any  given  proportion  of  the  depth  of  the  hole, 
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since  the  quantity  of  powder  will  in  that  case  depend,  not 
only  on  the  depth,  but  also  on  its  diameter,  with  which  it 
can  have  no  relation :  thus,  if  a  6-feet  hole  is  to  be  bored,  it 
may  be  an  act  of  chance  or  caprice  whether  a  jumper  of 
li-inch  gauge,  or  of  2  inches,  or  of  2^,  were  used  ;  whereas 
the  third  of  the  depth,  or  any  given  number  of  inches  of  the 
2-inch,  would  hold  very  nearly  douhle  the  quantity  of  powder 
that  would  be  contained  in  the  l|^-inch  ;  and  of  the  2^ -inch, 
one  half  more  than  in  the  2,  and  nearly  three  times  as  much 
as  in  the  1^. 

Such  a  rule  also  takes  no  account  of  the  quality  of  the 
rock,  which  in  reality  will  cause  the  greatest  difference  in 
the  effect ;  a  given  depth  of  hole  being  applied  to  hard  or 
soft  rock  indiscriminately. 

Although  some  allowances  may  be  made  in  extreme  cases, 
yet  it  will  be  found  in  most  books  and  papers  on  blasting 
rock,  that  a  usual  charge  is  one-third  of  the  depth  of  tlie 
hole  ;  and  the  same  will  be  found  to  be  the  actual  prevalent 
practice. 

As  to  the  experience  by  which  it  might  be  assumed,  that 
the  miners  will  modify  this  rule,  and  regulate  the  proper 
charges  to  give  in  each  case,  the  value  of  such  practice, 
unaided  by  better  principles,  must  be  small,  where  the 
results  are  so  indistinct.  A  loud  explosion  takes  place,  and 
the  rock  is  more  or  less  separated,  but  no  proof  whatever  is 
afforded  that  the  charge  has  been  precisely,  or  even  nearly, 
what  it  should  have  been ;  and  being  regulated  by  no  rule 
(for  in  this  case  of  leaving  it  to  the  miner's  judgment,  the 
Duly  rule  is  abandoned),  the  experience,  to  be  valuable, 
should  be  of  precisely  similar  cases,  whereas  in  blasting  they 
are  constantly  varying,  in  size  and  depth  of  hole,  and  in  many 
other  circumstances.  If  the  rock  were  uniform,  and  the 
application  of  the  charge  always  in  similar  holes  and  situa- 
tions, a  tolerable  rule  of  thumb  experience  might  perhaps  be 
obtained  ;  but  it  is  quite  otherwise  ;  and  among  the  circum- 
stances that  must  tend  to  perplex  an  ordinary  miner 
workman,  would  be,  that  the  true  principle  for  charges  is,  as 
the  cuhes  of  the  thickness  of  the  resisting  medium,  but  which 
he  would  certainly  regulate  by  a  much  more  gradual  propor- 
tionate increase,  such  as  doubling,  trebling,  or  squaring  at 
most. 

In  order  to  quarry  with  good  effect  for  saving  labour  and 
powder,  an  exposed  front,  either  vertical  or  horizontal,  should, 
if  possible,  be  established  on  the  rock  on  which  to  0])erate, 
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principally  to   obtain  a  line  of  least  resistance  in  a  different 
__  direction  from  that  of  the  hole  bored. 

Thus,  if  a  charge  of  poM'der  were 
placed  at  p,  fig.  2,  with  a  line  of  least 
resistance  to  b,  the  explosion  would 
^^^  force  its  way  through  at  u,  shatter  and 
^^  loosen  the  whole  mass  at  d,  and  make 
^  cracks  to  a  great  extent  towards  e  ; 
^  whereas  if  the  hole  had  been  bored 
^  direct  from  u  to  p,  or  as  at  c  (as  is 
S  usually  practised  by  common  quarry- 
^  men),  the  resistance  being  excessive  in 
%  every  direction,  except  in  the  direct 
1^  line  of  the  hole  bored,  it  may  be  easily 
;V  conceived  that  the  same  charge  would 
^5;  2^^o^*^i^®  ^^^  ^®^s  oifect. 
}^^  Or,  to  adopt  a  more  practical  illus- 
j:^  tration,  suppose  ledges  of  rock  require 
^^  to  be  cleared  away  to  a  certain  level 
^^  for  a  road,  navigation,  or  other  object ; 
^^^^  instead  of  boring  holes  +  +  +,  the 
^^  effect  would  be  far  better  by  inclined 
J\;  holes,  A,  B,  c,  fig.  3,  applied  in  suc- 
^^  cession  after  the  above-mentioned  prin- 
-     ciple. 

AV^here  there  is  a  high  face  of  rock, 
^^  a  system  of  undermining  may  be 
::  advantageously  employed :  thus  a  blast 
^'  at  A,  fig.  4,  would  make  an  opening 
easy  from  c  to  d,  and  the  mass  e, 
if  not  shaken,  which  it  probably  would 
be,  so  as  to  be  worked  on  with  crow- 
bars and  wedges,  would  be  brouglit 
down  by  very  slight  subsequent  blasts. 
When  the  rock  is  stratified,  and 
in  close  parallel  beds  and  seams,  the 
holes  should  be  bored  in  the  direction 
of  the  joints,  and  the  powder  laid 
along  them  as  at  a,  fig.  5,  which  will 
have  much  more  effect  in  lifting  jarge 
masses  than  if  placed  across  the  grain,  and  the  operation  of 
boring  will  be  easier. 

The   worst   situation   for   a   cliarge  of  powder   is   in    a 
re-entering   angle,  as   at  a,   fig.  6 :    the   rock  exerts  such 


Fiff.  3.— (Section.) 
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pressure  all  around  it,  that  very  little  effect  can  be  expected 
nor  is  the  position  much  improved  at  b. 
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This  situation  of  a  re-entering  angle  occurs  very  frequently 
and  should  be  avoided  as  much  as  possible.  Thus  a  chai'ge 
may  be  lodged  in  a  hole  c,  fig.  7,  having  the  same  length  of 
line  of  least  resistance  as  at  other  holes,  a  or  B ;  but  the 
effect  of  the  explosion  will  be  greatly  reduced  by  the  masses  d,e. 


B'lg.  7.— (Plan.) 

An  important  illus- 
tration of  this  disad- 
vantageous position  for 
the  charge  Mill  be  ex- 
perienced in  cutting 
tlirough  any  narrow  con- 
fined space  A,  B,  c,  D, 
fig.  8,  either  horizon- 
tally, as  in  the  first  drift, 
or  opening,  all  through 
a  tunnel,  or  vertically, 
as  in  sinking  a  shaft: 
blasts  at   a,  b,  or  c,  must  be  extremely  ineftective. 

A   projection,   on  the  contrary,  is  the  most  favourable 
situation  to  produce  the  greatest  effect  with  the  smallest 


Fig,  9.— (Sections.) 


means :  a  given  quantity  of  powder,  for  instance,  at  a,  fig.  0| 
vkould  remove  the  mass  b,  b,  a,  c,  and  make  partial  cracks  on 
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the  side  k,  but  the  same  quantity  at  d  would  remove  e,  f,  g,  u, 
or  nearly  double  the  mass*. 

Cases,  however,  frequently  occur  requiring  a  deviation 
from  what,  under  ordinary  circumstances,  would  be  the 
most  favourable  application  of  the  charge,  either  owing  to 
the  quality  of  the  rock,  or  where  other  objects  are  of  more 
importance  than  the  consumption  of  powder,  or  of  labour  in 
boring. 

The  rock  may  require  to  be  cut  to  a  particular  form,  as,  for 
instance,  when  preparing  it  to  receive  foundations  of  masonry ; 
or  certain  blocks  of  the  stone  may  be  required  of  particular 
forms  or  dimensions :  an  excess  of  powder  may  be  applied  to 
increase  the  shock  for  bringing  down  any  loose  mass  in  a 
peculiar  state,  or  vice  versa,  smaller  proportions  may  from 
circumstances  be  sufficient  to  produce  as  much  eftect  as  is 
required :  these  irregularities  are  very  frequent,  but  it  is  not 
the  less  necessary  to  understand  the  correct  principles,  and 
not  to  be  carried  away  with  the  idea  that  the  whole  is  a 
mystery. 

It  may  also  be  urged  that  there  are  cases  where  tlie 
system  of  working  on  a  line  of  least  resistance,  different 
from  that  of  the  hole  bored,  cannot  be  followed ;  such,  for 
instance,  as  in  sinking  a  shaft,  or  cutting  the  first  drift-way 
of  a  gallery  or  tunnel. 

This  is  very  true,  and  must  cause  such  operations  to  be 
peculiarly  costly  and  slow;  and  though  the  rule  above 
recommended  for  regulating  the  charges  would  be  inappli- 
cable, still  that  of  taking  any  proportionate  depth  of  the 
hole  would  be  quite  erroneous. 

The  system  to  be  adopted  in  such  instances  should  be 
to  apply  the  mode  of  tamping  that  would  give  the  greatest 
possible  resistance,  and  to  endeavour  to  obtain  by  trials  the 
amount  of  charge  by  weight  that  will  barely  disturb  such 
tamping  ;  in  this  way  the  full  effect  of  the  powder  will  act 
upon  the  rock,  and  where  that  is  not  very  great,  a  second 
shot  from  the  same  hole  will  be  sure  to  be  very  decisive. 

Among  the  cases  not  admitting  of  fixed  rule,  and  where  a 
great  deal  must  depend  upon  the  intelligence  and  experience 
of  the  directing  quarry  man,  is  that  of  irregularity  of  joints, 
or  seams. 

*  It  will  not  have  quite  this  effect,  as  the  greater  resistance  on  the 
Bide  K,  in  the  one  case,  will  increase  the  effect  towards  c  ;  but  that 
circumstance  does  not  affect  tlie  general  consideration  of  the  principle 
here  adverted  to. 
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The  following  instance  will  explain  this : — 
A  hole,  A,  B,   fig.  10,  of  4  inches  diameter  and  16  feet 
deep,  was  bored  to  the  back  of  a  projecting  mass  of  granite, 
and  6  feet  above  a  natural  slide  joint,  as  shown  in  the  plan 
and  section. 


-i6  0 


Fig.  10. 


Section. 


Had  there  been  no  projection,  nor  any  joint  to  afford  an 
advantage,  it  would  have  required  probably  182  lb.  of  powder 
to  break  through  a  resistance  of  18  feet ;  but  as  it  was  cir- 
cumstanced, between  35  and  36  lb.  (occupying  7  feet  of  the 
hole)  broke  ofi'and  overturned  an  enormous  mass  c,  cutting 
it  down  as  shown  by  the  dotted  lines  :  the  fragments  of  course 
were  large,  one  piece  containing  80  cubic  yards  ;  and  were 
very  appropriate  for  cutting  into  ashlar  of  large  dimensions. 

Another  instance,  tried  at  Dunmore  East,  near  Waterford, 
may  be  given  of  the  force  of  the  action  of  powder,  even  in 
an  open  joint:  the  same  experiment  also  incidentally  serves 
to  illustrate  another  object  of  inquiry. 

The  rock  was  a  very  hard  conglomerate,  in  fair  parallel 
beds  ;  the  surface  was  even ;  the  side  h,  h,  fig.  11,  had  been 
already  excavated  ;  there  was  a  joint  or  bed,  parallel  to  the 
surface,  and  7  feet  below  it.  A  hole  a,  of  2  inches  diameter 
and  6  feet  deep,  had  been  loaded  with  1  lb.  14  oz.  of  powder, 
(15  inches),  and  made  a  straight  crack  c  c,  and  to  ^,  of 
14  feet  long,  and  down  to  the  bed. 
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i^^.  11.- (Plan.) 


'  A  trial  was  then  made,  whether  openings  might  not  be 
directed  to  particular  lines  :  13  plugholes  were  drilled  along 
the  line  -|-  -|-  -|-  8  inches  deep  and  l|  inch  diameter ;  a  2  i -inch 
hole  was  tlien  bored  at  h,  to  a  depth  of  5  feet  10  inches,  and 
loaded  with  4  lb.  (2  feet)  of  powder :  when  fired,  the  line 
was  opened  very  nearly  along  the  line  of  the  plug-holes  ;  tlie 
separation  did  not  exceed  half  an  inch. 

The  hole  h  was  then  cleared  out,  and  loaded  with  8  lb.  of 
.powder,  and  the  explosion  sent  the  whole  mass  forward 
upwards  of  2  feet  without  any  new  fracture  ;  the  cubic 
contents  of  the  mass  being  663  feet,  weighing  about  51  tons. 

In  most  extensive  quarries  of  stone,  much  of  the  practice 
must  depend  upon  the  intelligence  with  which  advantage  is 
taken  of  the  position  and  nature  of  the  joints  and  fissures : 
still  many  errors  are  committed  from  a  want  of  knowledge  of 
the  best  application  of  powder  to  a  perfectly  solid  mass  ;  and 
in  cases  where  the  mass  to  be  removed  is  small,  or  the 
openings  to  be  made,  confined,  but  little  advantage  can  be 
gained  by  the  joints,  and  the  application  should  be  chiefly  to 
given  charges  for  lines  of  least  resistance. 

The  advantage  obtained  by  joints  is  one  reason  for  rather 
reducing  the  calculated  amount  of  charges,  particularly  in 
large  explosions  ;  because,  although  nothing  that  is  not 
perceptible  can  well  augment  the  force  of  resistance,  fissures 
or  joints  that  may  not  be  seen  on  the  surface  may  have  the 
eflect  of  reducing  it. 

It  would  be  of  much  advantage,  in  many  cases,  if  the 
powder  could  be   placed    in   a   more   compact   form,  than 
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occupying  a  considerable  length  of  a  hole  of  comparatively 
small  diameter :  the  position  it  must  assume  in  these  holes 
is  generally  unfavourable  for  producing  the  best  effect,  and 
in  some  cases  renders  it  impossible  to  apply  so  large  a 
charge  as  vrould  be  desirable ;  but  no  practical  mode  of 
enlarging  the  space  at  the  bottom  of  the  hole  has  yet  been 
contrived,  except  perhaps  by  successive  explosions  from  the 
same,  as  practised  at  Gibraltar.* 

It  may  be  assumed  that  1  lb.  of  powder  loosely  poured, 
but  not  shaken  or  compressed,  will  occupy  about  30  cubic 
inches;  a  cubic  foot  weighs  consequently  aboot  57i  lb., 
although  different  quantities  are  given  in  different  tables  of 
specific  gravity  :  if  close  shaken,  powder  will  go  into  a 
smaller  compass. 

The  following  Table  from  Colonel  Pasley's  (now  Major- 
Gen.  Sir  Chas.  Pasley,  K.C.B.)  Memoranda  on  Mining  will 
give  the  means  of  calculating  the  space  occupied  by  an^ 
given  quantity  of  powder  in  round  holes  of  different  sizes 
I'rom  1  to  6  inches  : — 


Diameter  of 

Powder  contained  in 

Powder  contained  in 

Depth  of  hole  to  con- 

the hole. 

one  inch  of  liole. 

one  foot  of  hole. 

tain  1  lb.  of  powder. 

Iiichcs. 

lb.           oz. 

lb.              07,. 

Inches. 

1 

0         0-419 

0          5-028 

38-197 

u 

0         0-942 

0       11-304 

16-976 

2 

0         1-676 

1         4-112 

9-549 

2i 

0         2-618 

1       15-416 

6-112 

3 

0        3-77 

2       13-24 

4-244 

H 

0         5-131 

3      13-572 

3-118 

4 

0        6-702 

5         0-424 

2-387 

H 

0         8-482 

6        5-784 

1-886 

5 

0       10-472 

-     7       13-664 

1-528 

H 

0       12-671 

9        8-052 

1-263 

6 

0      16-08      . 

11        4-96 

1-061 

In  practice,  the  holes  are  somewhat  irregular ;  this  table, 
however,  will  be  sufficient  to  ascertain,  nearly,  the  depth 
required  for  any  charge. 


♦  In  the  Appendix  will  be  found  a  memorandum  by  General  Burgoyne 
on  the  use,  at  Marseilles,  of  nitric  acid  for  the  purpose  of  enlarging  tlie 
inner  end  of  the  hole  ;  and  also  a  brief  description  of  a  patent  obtained 
by  the  Baron  Liebhaber  for  an  apparatus  for  this  purpose. — Ed. 
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or    THE    POWDEE   AND    THE    CHAEGE. 

Gunpowder  used  for  the  blasting  of  rock  is  notoriously 
of  inferior  strength  to  that  sold  for  sporting,  or  manufactured 
by  Government  for  the  army  and  navy ;  and  there  is  an 
impression  (I  believe  nearly  universal)  that  it  is  right  this.t 
it  should  be  so,  not  merely  because  pound  for  pouud  it  is 
cheaper,  but  because  it  is  thought  to  be  positively  better  foi 
the  object,  on  account  of  its  less  rapid  ignition,  and  assumed 
quality  of  giving  what  the  miners  call  a  heave. 

This  opinion  appears  to  be  founded  on  a  fallacy. 

Inferior  powder  cannot  be  used  in  war,  or  for  sporting, 
without  the  disadvantage  being  immediately  apparent; 
while  in  blasting  it  can  be  made  to  answer  the  purpose  : 
this,  with  its  comparative  cheapness,  has  led,  no  doubt,  to  its 
being  introduced  and  constantly  made  use  of,  without  much 
investigation  as  to  the  policy  of  its  employment  in  preferen/^d 
to  a  material  of  superior  strength. 

The  argument  used  in  its  favour  is,  that,  by  ignitmj 
slowly  in  comparison  with  the  other,  the  power  is  mwc 
forcibly  and  efficiently  applied  for  the  required  object,  than 
by  the  rapid  shock  of  the  superior  powder,  such  as  is  unde- 
niably requisite  for  impelling  projectiles. 

This  reasoning  would  seem  to  imply  that  the  rock  will  be 
opened  better  by  a  force  o^ pressure  than  by  that  of  a  sudden 
shock  or  blow;  which,  however,  may  be  disputed,  even 
supposing,  what  is  probably  not  the  case,  that  the  elastic 
vapour  generated  by  either  is  the  same.  Ilock  being  of  a 
brittle  nature,  it  is  reasonable  to  suppose  that  the  sudden 
violent  shock  would  make  more  extensive  cracks,  which  is  the 
great  object,  than  a  more  slow  action. 

The  following  are  the  observations  I  have  been  able  to 
collect  on  this  head ;  and  they  tend  to  confirm  the  impression 
of  the  good  policy  of  employing  stronger  powder  for 
blasting,  even  at  increased  prices :  more  research,  however, 
would  be  necessary  to  establish  the  fact  entirely,  and  to  fix 
the  relative  value  of  each  gradation  in  quality. 

Having  procured  from  great  contractors  and  respectable 
dealers  eleven  samples  of  Merchants'  blasting  powder,  stated 
to  be  that  of  the  principal  manufacturers,  they  were  analysed, 
proved  with  the  eprouvette  mortar  and  eprouvette  gun,  and 
compared  by  the  bursting  of  shells  :  the  results  will  be  seen 
in  the  annexed  tables. 
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!|  § 

ri 

St 


f  Highly    impregnated    with 
\    foul  salts. 

r  Contains  foul  salts,  but  not 
<    so  much  as  No.  1. — Defi- 
le   cient  in  nitre, 
r  Deficient  in  nitre,  and  highly 
[   impregnated  with  foul  salts. 
Same  as  last. 

[■  Nitre  very  impure. 

{Highly    impregnated    with 
foul  salts. 

Do.,  and  deficient  in  nitre. 
'  Contain  foul  salts,  but  by  no 
■'     means  so  much  as  the  pre- 
ceding samples. 
r  Ingredients  pure  and  very 
intimately  mixed. 
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The  best  proportion  of  nitre  (the  most  valuable  ingredient) 
is  75  per  cent. 

The  eprouvette  mortar  is  8  inches  in  diameter,  and  is 
charged  with  2  ounces  of  the  powder,  and  an  iron  ball  of 
68^  lbs.  weiglit;  the  Government  good  cannon  powder  gives 
an  average  range  of  265  feet.  The  Grovernment  powder 
somewhat  deteriorated,  and  reserved  for  blasting,  gives  a 
range  of  240  feet. 

The  eprouvette  gun  is  of  brass ;  its  bore  If  inch  in 
diameter  and  27*6  inches  long ;  it  weighs  86^  lbs.,  and  is 
suspended  from  a  frame :  being  charged  with  2  ounces  of  the 
powder,  without  any  shot  or  wadding,  it  is  fired,  and  the 
extent  of  the  recoil  is  measured  by  an  index  on  a  graduated 
arc. 

The  eprouvette  gun  is  considered  to  be  rather  adapted  to 
try  the  strength  of  -fine  grained  powder  than  of  the  coarse  ; 
the  fine  grained  Government  Eifie  powder  will  give  25  or 
26  degrees  ;  the  Government  good  cannon  powder  21  degrees; 
that  tried  at  the  same  time  with  the  above,  20'5.  It  is 
extremely  probable  that  in  many  instances  of  these  coarse 
grained  qualities,  and  of  the  Merchants'  powder,  igniting 
slowly,  much  of  the  charges  may  have  been  thrown  out  from 
the  gun  in  each  case  unignited,  and  perhaps  in  some  degree 
from  the  mortar. 

Some  discrepancies  M'ill  be  observed  in  nearly  all  proofs  of 
gunpowder,  but  rarely  to  the  extent  that  will  be  noticed  in 
tliis  Table :  they  show,  however,  how  very  unequal  may  be 
the  qualities  of  the  article  as  obtained  at  different  times,  from 
different  dealers,  and  subject  to  a  variety  in  their  condition 
from  modes  and  time  of  keeping ;  and  they  also  exhibit  a 
very  strong  presumption  of  universal  inferiority. 
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The  comparative  strength  by  this  mode  of  trial  would  seeiri 
to  be  about  9  parts  of  the  Government,  equal  to  13  of  the 
Merchants'  powder. 

It  is  very  difficult  to  obtain  any  very  precise  results  from 
trials  on  the  rock  itself:  the  effects  vary  so  greatly  under 
circumstances  to  aU  appearance  precisely  similar,  that  we  are 
driven  to  reason  very  much  from  analogy ;  and  where  the 
blasting  is  judiciously  performed,  the  tamping  but  slightly,  if 
at  all  removed,  and  the  rock  merely  opened  and  not  violently 
ejected,  it  certainly  would  appear  reasonable  that  the  powder 
showing  such  superiority  of  strength  in  the  above-described 
experiments  would  be  by  far  the  most  efficient  in  its  action 
on  the  rock. 

A  few  trials  that  were  made  at  Kingstown  to  elucidate  the 
point  seemed  to  prove  the  truth  of  this  reasoning. 

Charges  calculated  on  the  basis  of  i  ounce  for  1  foot,  and 
augmented  in  proportion  to  the  cubes  of  the  lines  of  least 
resistance,  were  exploded  in  a  high  face  of  very  solid  rock  ; 
and  the  result  in  every  case  was  very  marked  in  favour  of  the 
Government  powder,  even  to  the  conviction  of  the  miners 
present,  who  had  previously  expressed  doubts  on  the  subject. 

Although  the  Government  powder  was  applied  to  the  cases 
which  seemed  to  present  the  fewest  advantages,  the  effect  was 
decidedly  superior,  to  the  extent  of  usually  dislodging  a  mass 
of  rock ;  whereas  the  Merchants'  powder  in  no  instance  did 
more  than  make  cracks  and  fissures. 

If  the  truth  of  this  suggestion  be  acknowledged,  the  follow- 
ing advantages  would  attend  the  use  of  the  superior  powder. 

1.  As  smaller  quantities  would  go  farther,  the  stock  for 
consumption  would  be  easier  to  stow  away  and  to  carry. 

2.  Greater  effect  would  be  produced  with  a  smaller  amount 
of  labour,  and,  what  is  of  more  consequence  in  many  cases,  of 
time  in  boring  holes. 

3.  By  occupying  a  smaller  space  in  the  bottom  of  a  hole, 
an  increased  resistance  in  the  tamping  would  be  obtained  by 
its  greater  proportionate  extent. 

4.  The  Government  powder,  and  the  superior  kind  made 
for  sporting,  (the  former  in  particular,)  are  much  less  subject 
to  deterioration  from  keeping,  than  the  ordinary  blasting 
powder ;  this  would  effect  a  very  desirable  improvement, 
but  it  is  not  an  absolutely  necessary  consequence  of  their 
being  stronger,  because  the  best  preserving  powders  are  not 
always  the  strongest. 

According  to  Dr.  Ure's  Chemical  Analysis,  there  is  not 
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much  difference  between  the  mixtures  of  the  Government 
AValtham  Abbey  powder,  and  those  of  the  first  class  of 
sporting  powder  of  the  private  manufacturers ;  the  Govern- 
meut  powder,  however,  resisted  rather  the  best  the  hygro- 
metric  influence,  that  is,  would  absorb  less  atmospheric 
moisture,  and  consequently  be  best  for  keeping. 

In  the  works  carried  on  by  the  Royal  Engiueer  depart- 
ment, the  powder  is  usually  from  the  Ordnance  stores, 
sometimes  being  perfectly  good,  or  even  if  deteriorated  to 
the  degree  for  its  being  appropriated  to  blasting,  it  is  still 
much  stronger  than  the  Merchants'  blasting  powder. 

Fine  grained  powder  made  with  very  superior  care,  and  at 
superior  cost,  is  manufactured  for  the  Rifle  Service  by 
Government,  and  for  shooting  by  private  manufacturers: 
but  it  would  be  too  costly  in  proportion  to  its  increased 
'Superiority,  and  some  of  its  properties  not  being  necessary 
for  blastiug,  it  is  considered  that  the  best  cannon  powder 
would  be  the  most  advantageous  to  employ. 

Blasting  powder  is  sold  by  dealers  in  the  country  at  from 
505.  to  75s.  per  100  lbs. ;  while  nearly  as  good  powder  of  this 
nature  as  can  be  made,  such  as  the  Government  cannon 
powder,  might  be  sold  hy  the  manufacturers  at  between  50*. 
and  60*. :  supposing,  therefore,  that  the  cost,  including  the 
removal,  the  dealers'  expenses  and  profit,  should  be  one 
quarter  or  one  third  more  than  at  present,  the  question  will 
be,  considering  the  advantage  of  using  this  superior  kind, 
and  the  proportion  which  the  cost  of  the  powder  bears  in 
the  general  expenditure  of  blasting,  how  far,  and  under  what 
circumstances,  it  might  be  desirable  to  incur  that  increased 
expense,  making  allowance  at  the  same  time  for  the  smaller 
quantity  that  would  be  consumed. 

Founded  on  the  same  reasoning  of  the  advantage  of  more 
gradual  ignition,  and  almost  leading  to  the  assumption  that 
the  blasting  powder  in  its  present  state  is  even  too  good,  is 
the  assertion  that  will  be  found  in  all  books  on  the  subject, 
namely,  that  a  mixture  of  fine  and  dry  sawdust  of  elm  or 
beech  vnth.  the  powder,  in  the  proportion  of  \  of  sawdust  for 
small  charges,  and  i  for  large,  will  produce  as  good  results 
as  equal  quantities  of  powder  alone. 

It  is  not  assumed  that  the  effect  is  produced  by  any 
decomposition  of  the  sawdust,  but  simply  by  giving  a  little 
more  space,  and  by  dividing  the  particles  of  the  charge, 
causing  them  to  ignite  more  gradually,  and  thus  to  act  with 
greater  force  on  the  rock,  than  by  the  more  sudden  explosion. 
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No  account  is  given  of  any  defined  experiments  tending  to 
prove  this  fact ;  on  the  contrary,  every  trial  affording  positive 
results  is  against  it :  such  a  mixture  has  been  tried  in  guns, 
and  produced  no  useful  efiect  whatever ;  and  though  of  very 
simple  application,  it  does  not  appear  that  in  any  place  there 
has  been  a  continued  use  of  it. 

There  is  indeed  a  deception  in  the  first  instance  in  the 
supposed  proportions  ;  for  a  mixture  of  two  equal  measures 
of  the  two  ingredients,  the  sawdust  being,  as  required,  very 
fine  and  dry,  and  the  powder  of  the  usual  large  grain,  will 
not  fill  above  If  of  the  same  measure ;  consequently,  two 
measures  of  the  mixture  will  contain  nearly  ^  more  powder 
than  calculated  upon :  thus  if  two  measures,  each  capable  of 
containing  8  ounces  of  powder,  be  filled  with  the  mixture 
of  equal  measured  proportions,  the  quantity  of  powder  will 
be  nearer  9  ounces  than  the  8  calculated  upon. 

Altogether  I  feel  little  doubt  of  the  application  of  sawdust 
being  of  no  real  value. 

Another  theoretical  refinement,  that  is  to  be  found  in  all 
works  on  blasting,  is,  that  if  a  hollow  space  be  left  adjoining 
the  charge,  a  much  greater  efi'ect  will  be  produced,  provided 
always  (and  it  is  essential  to  bear  it  in  mind)  that  the  tamping 
be  as  substantial,  and  to  as  great  extent,  in  the  one  case  as  in 
the  other. 

Thus,  in  two  holes  of  similar  dimensions,  the  charge  c, 
fig.  12,  with  a  hollow  space  d  over  it,  will  produce  as  good  an 


Fig.  12. 


eflfect  with  i  or  f  the  quantity,  as  at  the  full  charge  e  fully 
tamped,  provided  the  tamping  B,  from  G  to  h,  be  as  good  and 
as  deep  as  that  at  a. 

An  increased  effect  will  certainly  be  produced  by  such 
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hollow,  in  tlie  same  manner  as  with  guns  which  are  frequently 
burst  by  the  occurrence  of  a  hollow  between  the  powder  and 
the  shot,  but  there  must  be  great  reason  to  doubt  its  practical 
utility  :  no  accounts  are  given  of  the  well-defined  result  of 
actual  experiment,  nor  are  any  rules  attempted  to  be  laid 
down  for  the  extent  of  the  hollow  spaces  in  proportion  to  the 
quantity  of  powder  in  the  charge,  &c.,  to  produce  useful  effect ; 
and  yet  these  must  be  matters  of  consequence ;  nor  is  it  any- 
where stated  that  it  has  been  ever  practically  continued  to 
be  used,  notwithstanding  the  great  saving  of  powder  professed 
to  arise  from  the  adoption  of  this  principle. 

In  large  charges,  the  space  that  could  be  left  would  be  too 
small  to  produce  any  useful  effect ;  and  in  small  charges,  the 
more  simple,  quick,  and  cheap  way,  would  be  by  using  the 
full  charge  of  powder. 

This  and  the  sawdust  are  among  the  refinements  adverted 
to  in  books  (on  this  as  on  many  other  subjects),  but  seldom, 
if  ever,  put  in  practice. 

Another  mode  of  improving  the  power  of  the  charges  of 
powder  has  been  employed,  it  is  said,  in  America.  It  is  thf 
mixing  of  a  quantity  of  quicklime  in  a  proportion  of  about  \ 
with  the  powder,  on  the  principle  that  it  will  absorb  any  little 
moisture  in  the  powder,  and  itself  produce  some  additiona 
vapour  in  the  explosion.  It  is  stated,  however,  that  it  musl 
be  used  soon  after  the  ingredients  are  put  together,  it  having 
been  remarked  that  if  left  mixed  for  a  whole  night  the  powde: 
was  deteriorated,  owing,  as  imagined,  to  the  impurities  of  th( 
saltpetre  of  which  the  powder  was  composed.* 

With  reference  to  the  quantities  of  powder  to  be  employee 
in  blasting,  different  systems  are  adopted. 

In  quarries  worked  for  large  stones,  and  in  great  quantities 
sometimes  very  large  blasts  are  considered  advantageous. 

In  those  near  Kingstown,  where  the  granite  stones  fo 
ashlar  work  are  squared  by  the  contractors  to  from  40  to  6( 
cubic  feet  each,  50,  60,  and  70  lb.  of  powder  were  frequentl; 
exploded  in  a  single  blast,  sometimes  filHng  two-thirds  of  ; 
hole  of  4  or  3i  inches  diameter,  and  perhaps  20  feet  deep 

*  There  are  other  reasons  against  this  practice.  The  absorption  c 
water  must  be  attended  with  the  evolution  of  heat ;  and  it  is  highl 
probable  that,  under  such  circumstances,  there  would  be  a  reactio 
between  the  sulphur  and  nitre,  in  the  presence  of  so  powerful  a  has* 
and  the  ultimate  production  of  sulphate  of  lime.  Whilst  then,  th 
simplicity  of  the  operation  is  diminished,  the  powder  is  deteriorated 
uid,  if  much  moi8^ure  be  present,  not  without  danger. 
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Tliej  have  been  applied  generally  where  a  projection  ot* 
considerable  height  or  length,  showing  joints  in  largo 
leatures,  offered  a  prospect  of  bringing  down  some  enormous 
nass  ;  and  in  this  way  they  were  usually  very  successful. 

To  give  an  instance  of  one : — 

The  hole  was  19  feet  7  inches  in  depth,  and  5^  inches 
liameter  :  the  charge,  75  lb.  of  powder,  filled  8  feet  10  inches 
)f  the  hole,  having  consequently  10  feet  9  inches  of  tamping. 

The  mass  that  was  brought  down,  or  thoroughly  shaken 
md  rent,  measured,  on  a  rough  calculation,  1200  cubic  yards, 
)r  2400  tons.     The  cost  was  calculated  at  £6  15s.  Sd.,  thus : 

2  men,  14  dcays,  at  Is.  8d.  each £2     6     8 

1  ditto,  14  days,  a.t  Is.  6d 110 

75  lb.  powder 200 

Fuse • 020 

Smith's  work,  iron,  steel,  &c .  16     0 

£6  15     8 

Of  course  there  was  a  great  deal  of  after-work  and  small 
Masts  required  for  the  separation  of  the  large  masses  of 
vhich  this  shaken  rock  consisted,  and  reducing  it  to  manage- 
ible  shapes  and  sizes ;  but  the  work  was  greatly  facilitated 
)y  this  first  effect. 

At  Gibraltar,  the  military  miners  under  the  Boyal 
Engineers  work  on  quite  a  different  system. 

The  rock  there  is  a  peculiarly  hard  lime-stone  marble  :  to 
Dring  down  large  masses,  they  bore  their  holes  usually  to 
ibout  the  depth  of  9  feet  with  2i-inch  jumpers,  and  load 
;hem  with  about  4  lb.  of  powder ;  the  explosion  has  no 
ipparent  effect,  but  the  rock  is  shaken  below :  the  needle 
3ole  is  cleared  out,  and  the  hole  again  filled,  when  it, will 
}ake  perhaps  from  8  to  12  lbs.,  and  is  fired  again ;  a  third 
charge,  with  perhaps  20  to  30  lb.,  is  fired  in  the  same 
nanner,  and  sometimes  a  fourth,  till  the  rook  is  very  greatlv 
separated  and  rent  to  the  extent  of  10,  20,  or  30  feet  ii 
different  directions.  If  the  needle  hole  or  tamping  be 
deranged  before  the  final  explosion,  it  is  bored  out  and 
re-tamped. 

Under  all  ordinary  circumstances  I  should  much  prefer  the 
principle  of  this  system  to  the  other  ;  it  is  more  gradual  and 
systematic,  would  require  less  labour  in  boring,  and  is  less 
subject  to  waste  of  powder,  or  the  violent  projecting  of  stones. 

In  some  rocks  it  may  be  liable  to  one  objection,  which  is, 
the  chance  of  any  of  the  preliminary  explosions  tapping  a 
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Bprmg  or  vent  for  water  into  the  hole ;  no  such  springs  are 
found  at  Gibraltar,  but  they  are  at  Kingstown. 

If  the  holes  should  not  be  vertical,  or  nearly  so  (whicli 
it  seems  they  always  are  at  Gibraltar),  the  tamping  must  be 
bored  out  at  each  explosion,  to  enable  the  next  charge  ot 
powder  to  be  introduced. 

The  prevailing  fault  in  blasting  is  the  using  too  much 
powder. 

If  the  tamping  be  not  blown  out  by  the  smaller  charges, 
a  very  useful  effect  will  have  been  produced  on  the  rock  by 
every  explosion,  even  although  the  rock  be  not  apparentlj/ 
much  aifected ;  the  tamping  will  be  easily  bored  out  suffi- 
ciently to  admit  a  fresh  charge,  which,  being  introduced  and 
re-tamped,  will  be  found  to  be  very  efficient. 

The  object  is  generally  to  loosen  and  bring  the  rock  down 
in  large  masses,  and  not  to  shatter  it  into  fragments  :  even 
for  small  stone,  such  as  for  road  metalling,  &c.,  it  is  better  to 
bring  out  first  large  masses,  and  subsequently  to  divide  them, 
either  by  small  blasts  with  powder,  or  by  crowbars  and 
wedges. 

or   LOADING. 

The  ordinary  manner  in  quarries  of  loading  and  firing  the 
holes  that  have  been  bored  is, 

I.  To  dry  out  the  bottom,  if  necessary,  with  little  wisps  of 
hay. 

II.  To  pour  in  the  powder  till  it  fills  a  certain  number  of 
feet  or  inches  of  the  bottom  of  the  hole.  If  the  hole  be 
vertical,  or  very  nearly  so,  the  powder  will  drop  in  pretty 
clear  to  the  bottom  ;  but  if  it  be  on  an  inclination,  and  not 
very  steep,  the  powder  must  be  scraped  down,  professedly 
with  a  \\  ooden  ramrod,  but  frequently  with  an  iron  scraper. 
If  the  hole  be  horizontal,  a  scoop  is  used,  which  is  open  at 
top,  and  by  being  turned  round  at  the  end  of  the  hole  leaves 
the  powder  there.  If  the  hole  incline  upwards,  a  cartridge 
is  employed. 

III.  A  needle  is  then  introduced,  the  point  of  which  is  let 
well  into  the  charge  of  powder,  and  the  top  with  a  handle  or 
eye  extending  to  the  outside  of  the  hole. 

IV.  A  little  wadding,  either  hay,  or  straw,  or  turf,  is 
inserted  over  the  powder. 

V.  The  tamping  over  the  wad  is  very  generally  of  the 
small  fragments  of  the  quarry  stone  and  its  dust  (unless 
there  be  in  it  flint  or  other  substance  that  notoriously  strikes 
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fire,  in  which  case  broken  brick  is  commonly  used),  rammed 
down,  by  one  or  two  inches  at  a  time,  by  means  of  an  iron 
rod  or  tamping-bar;  the  needle  is  frequently  turned  to 
prevent  its  becoming  fixed. 

yi.  The  last  inch  or  two  is  filled  with  damp  clay. 

VII.  The  needle  is  carefully  pulled  out,  and  the  opening 
it  has  left  is  filled  with  loose  fine-grained  powder  ;  or  with  a 
long  series  of  connected  straws  filled  with  powder,  into  the 
upper  end  of  which  is  inserted  a  small  piece  of  touch-paper 
that  will  burn  about  half  a  minute,  which  is  lighted  and 
communicates  the  fire. 

The  touch-paper  is  made  by  the  quarrymen  themselves,  by 
soaking  coarse  paper  in  a  strong  solution  of  saltpetre  or 
gunpowder,  and  then  drying  it. 

The  following  is  an  expressive  account  of  the  process,  as 
written  by  a  quarryman  of  much  experience  : — 

"  The  method  of  blasting  is  in  every  place  nearly  the 
same,  as  far  as  I  have  been  able  to  make  observations,  and  I 
have  had  charge  of  such  work  in  Scotland,  England,  Wales, 
America,  and,  lastly,  in  Ireland.  Different  quarrymen  may, 
it  is  true,  not  agree  in  everything  ;  for  instance,  some  prefer 
a  small  piece  of  dry  turf  for  a  wad  over  the  powder  before 
they  commence  ramming ;  others  prefer  hay  or  straw ;  but 
in  ramming  every  one  uses  the  same  kind  of  stuff",  that  is, 
small  pieces  of  any  stone  (that  has  no  flint  in  it)  that 
will  go  into  the  drill  hole ;  but,  in  deep  holes,  ramming  sand 
will  do  as  well  as  anything. 

"  The  usual  method  of  blasting  is  very  simple,  and  is  as 
follows  :  first,  to  drill  the  hole,  say  3  feet  deep,  li-inch  bore  ; 
in  common  cases,  6  inches  powder  will  be  sufficient  in  the 
bottom  ;  then  in  with  your  needle,  then  your  wad  of  turf  or 
hay,  &c. ;  then  two  or  three  blows  with  your  rammer,  and 
then  in  with  a  handful  of  small  stones ;  four  or  five  blows 
more  of  your  rammer  ;  and  so  on  till  you  fill  up  the  vacuity 
above  the  powder  within  1  inch  of  the  top ;  then  fill  said 
1  inch  with  a  bit  of  moist  clay  (not  too  wet),  and  then 
extract  your  needle ;  lastly,  fill  up  the  needle  hole  with  fine 
powder,  or,  what  is  safer,  put  down  straws  filled  with  powder, 
and  apply  your  match,  to  which  set  fire,  and  run  as  fast  as 
you  can,  and  you  have  the  whole  of  it." 

Nothing  can  be  more,  1st,  uncertain, — 2nd,  wasteful, — 3rd, 
dangerous. — 4th,  unscientific,  than  the  whole  of  this  process. 

1st.  Missing  fire  occurs  frequently, — some  obstruction 
will  arise  in  the  needle  hole ;  any  moisture  in  the  hole,  or 

0  i 


28  QUAREYING   AND    BLASTING    ROCKS. 

wetness  in  the  atmosphere,  will  affect  so  small  a  quantity  of 
powder  as  composes  the  train ;  loose  powder  for  the  train 
cannot  be  introduced  into  any  but  such  as  are  vertical  or 
very  steep,  and  straws  of  any  length  are  not  easily  passed 
through  to  the  charge.  All  these  and  other  circumstances 
must  create  much  uncertainty. 

2nd.  To  say  nothing  of  the  guess-work  in  the  proportion 
of  the  charge,  there  must  be  much  waste  in  the  manner  of 
introducing  the  powder,  and  in  the  occasional  missing  fire. 

3rd.  With  regard  to  the  danger,  it  manifestly  pervades 
every  step  from  the  first  handling  of  the  powder. 

4th.  No  rule  is  adopted  for  the  charge,  nor  for  the  size  of 
the  holes,  nor  for  the  depth  of  tamping ;  no  knowledge 
acquired  of  the  best  material  and  mode  of  tamping,  nor  any 
contrivances  for  accelerating  and  simplifying  the  process,  or 
reducing  its  danger. 

To  obviate  in  some  degree  these  defects,  the  following 
proceedings  have  been  adopted  with  success : 

To  allot  every  charge  by  weight,  according  to  a  scale 
adapted  to  lines  of  least  resistance,  or  to  the  circumstances 
of  the  case. 

The  overseer  (or,  if  the  work  be  sufficiently  considerable, 
an  express  powderman)  to  have  on  the  spot  a  strong  copper 
canister  containing  from  3  or  4,  to  10  or  12  lb.  of  powder, 
with  a  large  mouth  or  opening,  but  thoroughly  secured  by  a 
well-fitted  cover  from  spilling,  accident,  or  weather,  and  with 
a  lock  and  key. 

He  should  have  a  set  of  marked  copper  measures  that  will 
contain,  when  full,  just  1  lb.,  4  ounces,  and  1  ounce  of 
powder,  respectively  ;*  a  copper  cylindrical  tube  of  3  feet,  or 
3  feet  6  inches  long,  by  |  inch  diameter  from  out  to  out ;  a 
set  of  three  tubes  of  about  an  inch  in  diameter,  3  feet  long 
each,  with  joints,  so  as  to  be  screwed  at  pleasure  into  one 
length  of  6  or  9  feet,  or  with  more  joints  if  deeper  holes  are 
employed,  and  so  constructed  that  when  together  the  interior 
should  form  one  smooth  surface :  a  copper  funnel,  the  bowl 
large  enough  to  contain  about  1  lb.  of  powder,  and  the  neck 
2  inches  long,  by  somewhat  less  than  I  inch  diameter ; 
together  with  some  coils  of  Bickford's  patent  fuse. 

By  means  of  the  measures,  the  tubes,  and  the  funnel,  any 

♦  Where  the  blasting  is  constant,  and  the  charges  vary  but  little,  such 
as  in  sinking  shafts,  driving  galleries,  &c.,  it  might  be  found  convenient 
to  have  charges  of  the  most  usual  quantities  prepared  previously  iu 
papers,  cartridges,  or  perhaps  even  in  little  boxes  or  chargers. 
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s])ecific  cnarge  of  powder  may  be  lodged  clear  to  the  bottom 
of  any  hole ;  and  if  horizontal,  or  nearly  so,  by  pushing  it  iu 
through  the  tubes  with  a  wooden  stick  or  ramrod.* 

One  end  of  a  piece  of  the  patent  fuse  is  inserted  well  into 
the  powder,  the  other  end  cut  off  about  an  inch  beyond  the 
outside  of  the  hole  ;  a  little  wadding  is  then  pressed  down 
over  the  powder  with  the  tamping-bar,  and  upon  that  the 
tamping  in  the  usual  manner  (but  with  a  proper  material) 
to  the  top,  without  any  necessity  for  the  moist  clay. 

Most  of  the  accidents  that  occur  to  miners  arise  from  the 
first  blows  of  the  tamping-bar  over  the  charge ;  to  obviate 
this,  the  first  2  or  3  inches  of  the  tamping  should  be  merely 
pressed  down  gently  over  the  wadding,  and  then  the  hard 
ramming  commenced  over  that :  this  cannot  injure  the  effect 
of  the  explosion,  as  it  is  generally  acknowledged  that  a  small 
vacant  space  about  the  powder  tends,  if  anything,  to  increase 
its  power. 

If  the  tamping-bar  be  tipped  with  brass,  it  will  add  more 
security,  and  at  very  little  increased  expense. 

The  outer  end  of  the  fuse  is  then  lighted  ;  there  is  neither 
difficulty,  loss  of  time,  nor  extra  cost  or  labour,  by  using 
these  precautions,  and  obtaining  all  the  consequent  advan- 
tages ;  they  should  therefore  never  be  neglected. 

Whenever  blasting  is  to  be  performed  on  an  -extensive 
scale  within  a  limited  space,  it  will  be  quite  worth  while  to 
ascertain  by  a  few  experiments  the  value  of  the  different 
ingredients  that  are  to  be  used,  or  matter  to  be  acted  upon  in 
the  particular  locality,  as  well  as  the  best  modes  of  applying 
them ;  such  as  the  strength  of  the  powder,  the  tenacity  of 
the  rock,  the  value  of  the  tamping  material,  &c  :  it  is  clear 
that,  by  proportioning  these  justly,  so  as  to  obtain  the 
greatest  effect  with  the  smallest  means,  much  time  and 
expense  may  be  spared. 

OF    THE    TRAIN   AND    TIRING. 

The  inconveniences  and  loss  of  time  attending  the  ordinary 
mode  of  laying  the  trains  for  firing  the  charge  in  blasting  holes 
have  been  mentioned  above. 

It  is  the  very  worst  contrived  part  of  the  whole  operation 

•  It  affords  one  very  import.ant  medium  of  security  against  accidents 
to  deposit  tlie  powder  quite  clear  to  the  bottom  of  tlie  hole  by  means 
of  these  tubes,  instead  of  allowing  grains  to  hang  on  the  sides,  as  they 
must  do  when  it  is  poured  in  in  the  ordinary  manner,  particul?rly  in 
holes  that  are  inclined,  where  it  is  easy  to  conceive  that  a  regular  tram 
may  sometimes  be  left  from  top  to  bottom. 
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of  blasting  ;  but  fortunately  a  most  valuable  improvement 
has  been  made  of  late  years  by  the  invention  of  Bickford'a 
patent  safety  fuse.* 

The  use  of  this  article  is  extremely  flmple ;  it  is  efficient 
in  damp  situations,  and  even  undiT  water,  by  using  the 
quality  prepared  expressly  for  thai  object;  a  miss-fire  is 
scarcely  ever  experienced,  unless  tliere  be  great  carelessness, 
and  it  is  a  very  great  protection  against  accidents. 

Whenever  accidents  have  occurred  (which  are  extremely 
rare),  they  have  been  traced  to  circumstances  which  could 
not  be  affected  by  the  fuse  ;  namely,  to  the  first  applications 
of  the  tamping-bar  over  the  powder. 

So  large  an  opening  for  the  escape  of  the  powder  is  not 
created  by  the  fuse-hole  as  by  the  needle  ;t  and,  taking  every- 
thing into  consideration,  it  is  calculated  that  the  use  of  the 
fuse  is  cheaper  than  the  ordinary  priming,  even  if  the  very 
trifling  cost,  or  at  least  difference  of  either,  could  be  deemed 
of  importance. 

SAFETY   FUSE. 

At  Kingstown  Harbour  it  was  employed  constantly  in 
working  with  a  diving  bell  in  blasting  rock  for  foundations 
in  from  20  to  30  feet  depth  of  water,  and  with  complete 
success. 

The  following  account  of  the  great  value  of  this  invention 
is  from  a  Paper  by  B.  Mullins,  Esq.,  an  intelligent  member 
of  the  firm  who  have  the  contract  for  the  Kingstown 
Harbour  works : — 

"  Eock- blasting  operations  have  been  for  many  years,  and 
are  now,  carried  on  extensively  by  my  firm.  Bickford'a 
safety  fuse  has  been  invariably  used  in  those  operations  since 

♦  This  patent  was  granted  on  tlie  6th  September,  1831,  to  W.  Bickford, 
of  Tucking  Mill,  Cornwall,  for  *'  an  instrument  for  igniting  gunpowder 
when  used  for  blasting  rocks,  which  he  denominates  the  *  Miners'  Safety 
Fuse.'  "  This  fuse  was  therein  described  to  be  a  cylinder  of  gunpowder 
or  other  explosive  compound,  inclosed  within  a  hempen  cord,  which  is 
firat  twisted  and  afterwards  overlaid  with  another  cord  to  strengthen 
the  casing  thus  formed,  then  varnished  to  preserve  the  contents  from 
injury  by  moisture,  and  finally  covered  with  whiting,  or  other  suitable 
matter,  to  prevent  the  varnish  from  adhering.— [Ed.] 

f  In  firing  very  small  charges,  the  opening  made  by  the  needle  or  fuse- 
hole  tends  very  much  to  reduce  the  effect.  In  the  tamping  experiments 
it  will  be  observed  that,  of  clay,  and  other  compact  tamping,  poi-tions  of 
the  top  were  frequently  carried  away ;  in  all  these  and  other  partial 
removals  of  tamping  it  was  observed  that  the  principal  openings  wei"e 
always  on  the  side  where  the  fuse  had  been. 
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the  summer  of  1833.  Tt  has  our  entire  approval,  as  being 
more  certain  in  its  effects,  less  hazardous  in  its  application, 
and  ultimately  cheaper,  although  not  apparently  so,  than 
priming  in  the  ordinary  mode.  From  the  period  of  its  intro- 
duction up  to  the  present  time,  we  have  not  had  an  accident 
in  any  of  our  works  from  blasting,  although  within  that 
period  73,600  lb.  of  powder  have  been  consumed,  and  labour 
equal  to  that  of  288,719  days  of  one  man  expended :  nor 
had  we  more  than  two  or  three  cases  of  miss-fire  that  I  can 
recollect,  and  those  were  caused  by  want  of  caution  in  using 
improper  tamping  material,  having  stones  in  it  which  cut 
the  fuse  and  severed  the  train.  We  have  used  of  it  in  the 
interval  167,322  lineal  feet. 

"  The  cost  of  167,322  feet  of  the  fuse  was  304Z.  7*.  9^., 
while  that  of  the  actual  quantity  of  powder  required  for  the 
same  amount  of  priming,  namely,  35  barrels,  would  be  105Z., 
besides  the  labour  of  the  application  of  the  latter." 

Then  follows  a  comparison  between  the  old  system  of 
loading  and  firing,  and  the  mode  M^ith  the  fuse. 

After  describing  in  detail  the  old  practice  (that,  indeed, 
still  used  in  most  places),  the  statement  continues  thus  : 

"  In  the  application  of  the  fuse  the  charge  may  be  lodged 
at  any  required  depth  in  the  rock.  "We  lately  drove  a  hole 
with  a  5-inch  gauge  20^  feet  horizontally  into  the  face  of  the 
cliff  at  Dalkey,  and  charged  it  with  85  lb.  of  powder,  by 
which  we  released  2000  tons  of  solid  rock,  a  quantity  far 
exceeding  what  could  be  displaced  by  vertical  or  oblique 
bores.  Straw  tubes  could  hardly  be  made  of  so  great 
lengths,  and,  were  it  practicable,  there  is  so  great  a  loss  of 
time,  and  so  much  uncertainty  in  using  them  in  horizontal 
holes  of  much  less  depth,  that  they  bear  no  comparison  in 
facility  of  use  to  the  fuse,  which  effectually  supersedes  the 
tedious  and  hazardous  employment  of  the  needle,  and  is  a 
perfect  preventive  against  premature  explosion  or  miss-fire, 
wherein  the  old  methods  are  particularly  defective. 

"  It  has  this  further  advantage,  that  any  number  of  shots 
may  be  simultaneously  fired,  whilst  with  the  straw-tubes  and 
match-paper  not  more  than  three,  with  a  probable  chance  of 
escape  to  the  men  employed. 

"  In  wet  quarries  the  fuse  is  quite  as  effective  as  in  dry  : 
where  wet  joints  are  met  with  in  boring,  which  frequently 
happens,  the  holes  fill  with  water,  and  must  necessarily,  by 
the  old  methods,  before  being  charged,  be  rendered  perfectly 
di*y  ;  this  is  accomplished  by  wrapping  coarse  tow  or  mop 
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thrums  round  the  end  of  a  stick,  and  mopping  out  the  water ; 
the  finest  argillaceous  clay  is  then  kneaded  into  a  paste,  and 
worked  constantly  upwards  and  downwards  by  the  tamper 
struck  with  the  hammer,  and  continued  until  the  blaster  is 
satisfied  of  having  staunched  the  leaky  joints  in  the  hole : 
tliis  being  done,  the  hole  is  then  cleared  out  with  an  iron 
scraper,  made  dry,  and  charged ;  and,  after  all  this  labour, 
success  is  doubtful.  A  man  often  spends  half  a  day  drying, 
tamping,  and  charging  a  hole  in  this  way  to  no  purpose,  the 
powder  having  got  wet. 

"  In  these  cases  the  fuse  furnishes  an  effectual  remedy ;  a 
waterproof  bag  containing  the  powder,  and  having  a  sufficient 
length  of  fuse  closely  tied  in  its  mouth,  is  pushed  home  to 
the  bottom  of  the  hole,  which  is  then  tamped  and  fired  with 
as  much  certainty  and  effect  as  in  dry  work. 

"  Blasting  in  deep  water  by  means  of  the  diving  bell  is 
rendered  comparatively  easy  by  the  use  of  the  fuse,  as  com- 
pared with  the  tedious,  costly,  and  ineffective  process  hereto- 
fore practised. 

*•'  In  the  old  way,  the  charge  was  lodged  in  a  tin  canister 
in  the  bored  rock  ;  in  this  canister  a  small  tube  was  fixed, 
and  raised  joint  after  joint,  until  the  bell  was  elevated  above 
the  water's  surface  ;  then  a  small  piece  of  iron  made  red  hot 
was  thrown  into  the  tube  to  fire  the  charge  in  the  canister. 
What  the  effect  produced  may  have  been,  I  cannot  say  of  my 
own  knowledge,  not  having  seen  those  operations ;  but  I 
have  been  informed  that,  except  in  insulated  rocks,  it  was  of 
little  use.  The  canister  and  the  joint  of  the  tube  adjoining 
were  blown  to  pieces,  and  most  of  the  joints  more  remote 
were  flattened  by  the  collapse  of  the  water,  so  that  new 
canisters  and  tubes  were  necessary  for  every  shot. 

"  The  fuse  employed  in  blasting  under  water  is  somewhat 
different,  and  more  expensive  than  the  other,  and  is  called 
sump-fuse;  it  is  used  in  the  following  manner  : 

"  A  waterproof  charger  or  bag,  containing  the  powder  with 
a  piece  of  fuse  5  or  6  feet  long  closely  tied  in  its  mouth,  is 
dipped  in  boiling  pitch  *  to  secure  the  orifice  from  wet ;  the 
charge  is  then  put  into  the  bore-hole,  which  is  tamped  with. 
sand,  or  the  fine  chippings  of  the  stone-cutter's  waste,  and 
the  fuse,  the  upper  end  of  which  is  retained  in  the  diving 

•  A  perfect  waterproof  composition  for  thib  purpose  is  made  of 
8  parts  by  weight,  pitch,  "j 

1  do.  do.       bees'-wax,   y   melted  together,  but  not  boiled. 

1  do.  do.       tallow,       J 
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bell,  being  set  fire  to,  is  thrust  out  under  its  edge  into  the 
water :  the  bell  is  then,  by  signal,  removed  8  or  10  feet  out 
of  the  way  ;  the  fuse  burns  through  the  water,  and  explosion 
follows  ;  the  proximity  of  the  bell  to  the  blasted  rock,  with- 
out endangering  the  workmen,  enables  them  to  resume  their 
operations  with  little  or  no  delay. 

"  In  founding  the  Commercial  Wharf  wall  (a  considerable 
part  on  rock)  in  22  feet  water  at  low  water  of  spring-tides 
and  in  clearing  for  abutment  for  setting  frame  for  the  eastern 
pier  head  in  28  feet  at  low  water  (the  rise  of  tide  12  feet) 
w^e  pursued  the  method  above  described  with  success. 

"  Having  obtained  a  list  of  all  the  men  who  had  been 
killed,  or  badly  wounded,  by  the  old  methods  of  blasting  at 
the  quarries  for  the  Kingstown  Harbour  works,  previous  to 
the  use  of  the  fuse,  I  annex  it." 

The  list  referred  to  of  accidents  under  previous  contracts, 
for  the  first  15  years,  contains  the  names  of  30  individuals, 
two  of  whom  were  twice  injured,  making  32  casualties,  con- 
sequently more  than  2  per  year ;  it  includes  7  killed,  4  loss  of 
one  eye,  1  loss  of  both  eyes,  and  20  injuries ;  while,  during 
the  8  years  of  the  present  contract,  there  has  been  but  one 
man  injured,  and  that  before  the  fuse  was  introduced. 

In  order  to  test  the  extent  of  applicability  of  this  composi- 
tion for  blasting  under  water,  pieces  of  the  quality  prepared 
for  it  (called  sump-fuse),  which  is  somewhat  thicker  than  the 
ordinary  kind,  being  about  -fV  of  an  inch  thick,  were  kept 
immersed  (except  the  upper  ends)  for  different  periods  up  to 
upwards  of  16  hours,  and  were  then  found  to  burn  throughout 
with  their  ordinary  force;  no  trial  was  made  beyond  that  time. 

Pieces  25  feet  long  (their  usual  dimension),  having  one 
end  inserted  into  a  few  ounces  of  powder  inclosed  in  a  water- 
proof bag,  were  tied  to  long  chains ;  the  powder-bag  w^as 
lowered  into  the  water  by  a  weight,  and,  the  other  end  of  the 
fuse  being  lighted  from  a  boat,  the  whole  was  low^ered  again 
until  the  weight  touched  the  bottom  in  39  feet  depth,  and 
each  time  burned  through  and  exploded  the  powder  in  13  or 
14  minutes.  In  order  to  get  a  greater  length,  an  extra  kind 
was  procured  in  51  feet  and  52  feet  lengths ;  it  was  apparently 
expressly  made,  and  thicker  than  the  other,  being  about  |  of 
an  inch  in  diameter. 

This  succeeded  perfectly  in  every  case ;  but,  being  provided 
for  the  purpose,  it  was  not  considered  so  satisfactory  a  trial, 
and  appears  to  be  unnecessary,  considering  the  efiicienoy  of 
that  usually  sold. 

c  3 
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The  common  fuse  (that  not  prepared  for  water)  was  tried, 
and  on  some  occasions,  when  lighted  very  soon  after  being 
immersed,  would  burn  through  many  feet  under  water,  but 
frequently  only  a  short  distance  ;  it  is  manifestly  not  adapted 
for  water  (and  not  assumed  to  be  so),  but  it  is  perfectly 
efficient  in  damp  situations,  if  fired  without  much  delay. 

There  is  one  great  merit  in  this  fuse,  namely,  that  the 
improvement  is  gained  without  the  least  sacrifice  of  simpli 
city ;  on  the  contrary,  it  is  much  easier  to  apply  than  any 
other  process. 

The  only  inconvenience  attending  its  use,  of  which  I  am 
aware,  is  the  length  of  time  it  takes  to  burn  any  but  short 
pieces. 

It  burns  at  the  rate  of  from  2  to  3  feet  per  minute ;  and 
as  a  minute  usually  affords  ample  time  for  the  person  firing 
to  remove  to  a  sufficient  distance,  there  is  a  delay  and  an 
impatience  created  in  watching  the  longer  terms,  particularly 
when  it  amounts  to  3  or  4  minutes,  or  more.* 

This  lengthened  time  of  burning  would  quite  preclude  it? 
use  for  many  military  mines,  w^here  the  explosion  must  take 
place  at  a  particular  instant. 

In  blasting  under  water,  as  it  can  only  be  lighted  in  the 
bell,  or  at  the  surface  if  the  bell  be  not  used  in  firing  and 
the  water  deep,  the  time  consumed  in  burning  the  fuse  would 
be  very  inconvenient. 

FIEING    BY    A   VOLTAIC    BATTERY. 

Charges  of  powder  have  been  fired  under  ground,  as  well 
as  under  water,  and  to  considerable  distances,  by  the  voltaic 
battery. 

It  is  to  be  presumed,  however,  that  the  distinct  machinery 
for  this  purpose,  the  expense,  and  probably  some  degree  of 
nicety  in  its  arrangements,  even  after  all  the  improvements 
that  have  been  made  at  Chatham  by  Colonel  Pasley,  would 
render  it  inapplicable  to  ordinary  purposes ;  although  for 
firing  very  large  quantities  of  powder,  under  very  peculiar 
circumstances,  it  has  been  considered  very  useful.  The 
tamping  by  this  mode  w'ould  be  much  more  complete 
and  substantial,  having  only  two  thin  wires  through  it ;  and 
by  the  very  instantaneous  effect  produced,  even  at  vary- 
ing distances,  simultaneous  explosions,  that  are  impossible 

•  The  fuse  bums  slower  through  a  tamping  of  loose  sand  than  through 
%  tough  material  well  rammed,  but  it  is  not  extinguished  by  it. 
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by  any  other  means,  might  be  effected  by  this  mode  ot 
ignition.* 

MODE    or    LIGHTING   A    TRAIN    IN    SHAFTS. 

Under  many  circumstances  the  manner  adopted  for  lighting 
a  train  is  a  matter  of  some  consequence. 

At  the  bottom  of  deep  shafts,  or  of  long  small  galleries 
where  there  is  no  shelter  for  the  man  who  applies  the  light, 
the  touch-paper,  German  tinder,  or  match  of  whatever  kind, 
must  afford  time  for  him  to  get  completely  out  of  the  way. 
It  is  attended  with  some  difficulty  to  secure  that  object, 
without  wasting  time  in  doing  so,  by  allowing  too  long  an 
interval ;  but  the  latter  must  be  the  usual,  as  the  only  safe 
alternative. 

The  safety  fuse  has  an  advantage  in  this  respect,  as  its 
period  of  burning  can  be  more  regularly  calculated  than  that 
of  any  other  match  usually  resorted  to. 

A  French  engineer  has  proposed  and  employed  a  manner 
of  remedying  this  inconvenience,  as  far  as  regards  blasting 
in  a  shaft,  which  would  appear  to  be  useful  where  the  safety 
fuse  is  not  employed. 

One  end  of  a  wire  is  fixed  temporarily  into  a  little  powder 
connected  with  the  train,  the  other  end  in  a  coD  being  at  the 
surface  of  the  ground. 

The  wire  is  carefully  straightened  up  the  shaft  from  Bay 
sharp  twists  or  bends ;  a  piece  of  Grerman  tinder  is  passed 
round  it,  forming  a  very  loose  ring,  and,  being  lighted,  is  let 
go,  and  drops  down  on  the  powder. 

The  wire  may  of  course  be  constantly  suspended  to  the 
side  of  the  shaft,  and  fixed  and  applied  from  time  to  time  as 
wanted,  being  lengthened  from  the  coil  above  as  occasion 
requires. 

To  facilitate  the  descent,  if  necessary,  a  small  weight 
might  be  easily  added,  to  the  under  part  of  which  the  lighted 
match  could  be  fixed. 

MEANS  FOR  PREVENTING  SMALL  STONES  FLYING  ABOUT  IN 
BLASTING. 

A  great  loss  of  time  and  labour  is  experienced  in  quarrie« 
and  other  confined  situations,  arising  from  the  necessity  for 

*  In  the  Appendix  is  given  a  brief  account  of  the  successful  applicjv 
tion  of  the  voltaic  firing  in  removing  the  Round  Down  Cliff,  at  Dovcu: 
for  the  works  of  the  South-Eastern  Railway,— [Ed. J 


36  qUARlWlNG    AND   BLASTING   KOCKS. 

the  workmen  to  retire  to  a  distance  at  every  blast ;  not  only 
those  engaged  in  the  precise  operation,  but  all  others  who 
can  be  at  all  supposed  to  be  within  reach  of  its  effects. 

This  is  a  greater  evil  than  what  is  perhaps  commonly 
thought. 

I  have  myself  been  in  a  great  quarry,  and  in  the  course  of 
half  an  hour  seen  20  or  30  men,  at  given  signals,  retire  two 
or  three  times  from  five  or  six  different  parts  at  which  they 
were  at  work,  to  which  they  went  leisurely  back  again  after 
each  explosion  or  ascertained  miss-fire. 

There  is  another  occasion  where  the  necessary  retiring  of 
the  miner  from  the  effect  of  a  blast  is  attended  with  peculiar 
inconvenience  ;  that  is,  from  the  bottom  of  a  shaft,  in  which 
case  he  has  to  be  drawn  up  to  the  top. 

When  a  better  mode  of  applying  the  charge  shall  be 
generally  understood,  there  will  be  fewer  occasions  of  the 
projection  of  stones,  but  there  must  always  be  some ;  any 
remedy  for  this  waste  of  time,  therefore,  must  be  very 
valuable, 

QUAEBT    SHIELDS. 

In  some  quarries  in  the  neighbourhood  of  Glasgow  they 
are  in  the  habit  of  frequently  applying  a  piece  of  old  boiler 
iron,  of  about  2  feet  6  inches  square  and  i  inch  thick,  over 
the  hole  when  fired,  which  acts  as  a  shield,  and,  in  small 
blasts,  so  far  prevents  any  flying  about  of  loose  stones,  that 
the  men  take  much  less  precaution  in  moving  out  of  the  way 
on  those  occasions  than  when  it  is  not  used. 

As  they  have  horizontal  as  well  as  vertical  faces  to  work 
on,  the  shield  is  suspended  over  the  horizontal  holes,  and 
laid  flat  over  those  that  are  vertical ;  in  the  latter  case  a 
large  stone  or  two,  if  at  hand,  is  frequently  placed  upon  it. 

This  application  might  be  very  useful  under  particular 
circumstances  of  blasting ;  for  instance,  where  the  blasts  are 
generally  small,  and  in  confine(i  situations.  In  a  shaft, 
where  the  holes  will  be  all  probably  vertical,  or  nearly  so, 
and  the  blasts  not  large,  a  good  shield  could  be  placed  over 
every  hole,  and  weighted  either  with  stones,  or  with  one  or 
two  half-hundred  weights,  kept  in  the  shaft  for  the  purpose. 
On  trial  at  the  particular  place,  this  might  be  found  to  give 
such  certain  security,  that  the  miners  would  not  require  to 
be  removed  more  than  a  very  short  way  above,  either  by  the 
bucket,  or  by  a  ladder^^/ which  would  lead  to  a  very  great 
saving  of  time,  labour,  and  expense. 
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ON"   TAMPING. 


The  desideratum  in  tamping  is  to  obtain  the  greatest 
possible  resistance  over  the  charge  of  powder ;  if  it  could  be 
made  as  strong  as  the  rock  itself  it  would  be  perfection. 

If  12  inches  of  one  species  of  tamping  will  afford  as  much 
resistance  as  18  inches  of  another,  the  question  will  be — Does 
the  former,  in  the  application,  require  as  much  more  time 
and  expense  as  the  operation  of  boring  the  additional  6  inches 
of  hole  ?  If  not,  it  will,  under  most  circumstances,  be  better 
in  the  relative  proportion  of  that  expenditure. 

Where  other  qualities  are  equal,  that  which  can  be  applied 
in  the  least  space  of  time  will  be  far  preferable,  particularly 
in  such  operations  as  sinking  shafts,  driving  long  nar>-<'7?- 
galleries  or  driftways,  and  other  situations  where  the  progress 
is-  necessarily  slow. 

Different  materials  are  employed  for  tamping  : — 

I.  The  chips  and  dust  of  the  quarry  itself.  This  is  what 
is  most  commonly  used,  unless  there  be  flint  or  other  stone 
in  it  that  notoriously  strikes  fire. 

II.  Sand  poured  in  loose,  or  stirred  up  as  it  is  poured  in, 
to  make  it  more  compact.  This  is  an  approved  material  in 
many  places,  and  is  recommended  to  be  very  fine  and  dry. 

III.  Clay,  well  dried,  either  by  exposure  to  the  sun,  or 
what  is  more  certain  and  more  rapid,  by  a  fire. 

"Wherever  blasting  is  going  on,  there  must  be  smiths'  forgea 
at  work  :  the  clay  is  formed  by  the  hand  into  rolls  of  about  2 
inches  in  diameter,  and  readily  dried  by  the  smiths'  fires. 

In  the  course  of  some  experiments,  clay  was  used  that  was 
in  a  state  of  powder,  owing  to  its  having  been  dried  a  long 
time  previous,  and  was  not  thought  so  good  as  when  applied 
in  a  state  just  caked  enough  to  remain  in  lump. 

IV.  Broken  brick  is  an  approved  material  in  some 
localities,  as  being  less  liable  to  accidents  by  striking  fire 
than  chips  of  stone. 

It  is  used  in  small  pieces  and  dust,  and  is  improved  by 
being  slightly  moistened  with  water  during  the  ramming. 

Vegetable  earth,  or  any  small  rubbish,  is  sometimes  applied 
instead  of  the  stone  chips,  when  the  latter  are  considered 
dangerous.  Such  are  the  simple  ingredients  used  in 
tamping ;  that  is  exclusive  of  the  addition  of  any  mechanical 
contrivance  :  of  these,  the  most  essential  to  analyse  is  the 
application  of  sand,  since  its  use  has  been  by  many  strongly 
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recommended,  and,  if  efficacious,  would  be  most  convenient, 
on  account  of  the  rapidity  and  security  with  which  it  can  be 
applied. 

In  Cachin's  Memoire  sur  la  Digue  de  Cherbourg,  printed 
in  1820,  (a  most  interesting  work  as  regards  the  construction 
of  breakwaters,)  it  is  thus  stated  in  a  note : — 

"  In  blasting  rock  at  Cherbourg,  the  use  of  the  needle, 
and  well-rammed  tamping,  has  been  long  abandoned. 

"  The  priming  is  in  the  usual  manner,  by  straws,  and  the 
tamping  is  of  very  fine  dry  sand,  poured  in. 

"  It  has  been  proved  by  long  experience  that  the  effect  of 
the  explosion  is  as  great  by  this  method  as  by  the  more 
laborious  tamping  in  the  usual  manner." 

And  in  the  Journal  of  the  Franklin  Institute  (United 
States)  for  July  and  August,  1836,  after  quoting  a  variety  of 
experiments  on  the  resistance  of  sand  to  motion  through 
tubes,  made  as  well  in  Prance  as  in  America,  and  facts 
regarding  the  bursting  of  musket  barrels,  &c.,  by  charges  of 
sand  over  the  powder,  the  conclusion  come  to  is,  that, 

"  Experience  proves  that  the  resistance  offered  by  sand  i>i 
quite  sufficient  for  blasting  rocks,  and  it  is  less  troublesome, 
and  more  safe,  than  the  usual  mode." 

It  is  added,  that, 

"  To  ensure  success,  the  space  left  above  the  powder  shoidd 
have  a  length  of  ten  or  twelve  times  as  great  as  the  diameter 
of  the  hole." 

Greneral  Pasley,  on  the  contrary,  asserts  that  sand  as  an 
ingredient  for  tamping  was  found  at  Chatham  to  be  utterly 
valueless  ;  but  acknowledges  that  the  opportunities  there  of 
blasting  were  few  and  on  a  very  small  scale.  Many  other 
officers  of  the  British  Engineers  have  been,  long  under  the 
same  impression. 

It  does  not  appear  that  any  of  these  opinions  have  been 
formed  upon  any  more  precise  experiments  than  the  sensible 
effect  upon  stones  or  rock  with  the  usual  charges ;  and  as 
these  effects  are  very  different  under  circumstances  that  are 
apparently  similar,  and  as  they  might  vary  with  different 
proportions  of  the  powder  and  ingredients  used,  advantage 
was  taken  of  the  opportunity  afforded  by  the  works  carrying 
on  at  Kingstown  Harbour,  near  Dublin,  to  try  a  few  experi- 
ments that  should  be  somewhat  more  definite. 

The  principle  which  it  was  thought  would  be  most  con- 
clusive was,  not  to  form  a  judgment  by  the  effect  produced  on 
the  rock,  but  to  endeavour,  if  possible,  to  obtain  a  charge  of 
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powder  that  should  in  each  case  just  blow  out,  or  sensibly 
aiFect,  the  tamping ;  and  a  comparison  of  the  charges  to 
produce  that  eftect  w^ould  afford  a  strong  proof  of  the  relative 
value  of  the  different  systems  ;  thus — 

If  it  should  be  show^n  (as  will  be  found  in  the  following 
table  of  experiments)  that  \  of  an  ounce  of  powder  would 
blow  out  the  sand  tamping  which  filled  a  hole  of  1  inch 
diameter  and  2  feet  deep,  while  3  ounces  in  a  similar  hole 
would  not  disturb  a  weU-rammed  clay  tamping,  it  afforded  a 
perfect  confirmation  of  Greneral  Pasley's  statement,  that  the 
sand  was  good  for  nothing,  as  far  as  the  use  of  it  on  that 
scale  went. 

The  experiments  detailed  in  the  following  Tables  were 
made  in  granite  rock,  and,  as  far  as  could  be  judged,  where 
it  was  firm  and  without  fissures. 

The  charges  were  of  ordinary  merchants'  blasting  powder, 
procured  from  the  contractors. 

The  sand  was  sharp  or  gritty,  quite  dry,  and  simply  poured 
in  over  the  powder,  with  a  little  wad  of  hay  intervening.  It 
was  from  the  sea-shore,  and  of  different  qualities. 

The  finest  was  a  clean  running 
sand,  fine  enough  nearly  for  an  hour- 
glass, and  weighed  .         .         .         .     65  lb.  per  cube  foot. 

The  second  quality,  a  middling 
gritty  sand,  and  weighed  .         .     93  lb.  „ 

The  third,  very  coarse,  or  rather 
very  fine  sea  shingle,  the  particles 
being  from  the  size  of  a  pin's  head  to 
that  of  a  pea,  and  weighed       .         .     98  lb.  „ 

The  clay  had  been  dried  at  the  fire  of  a  smith's  forge,  and 
was  well  rammed  down  in  the  usual  manner. 
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Experiments  to  try  the  Comparative  Value  of  Sand  and  Clay 
for  Tamping. 


F  Sand,  fine 

^ 

M  Sand,  middling.                       C  Sand,  coarse. 

No.  of 

Depth 

Diame- 

Charge 

Descrip 

experi- 

of 

ter  of 

of 

tion  of 

Effect  and  Remarks. 

ments. 

hole. 

hole. 

powder,  tamping 

No. 

feet,      inches. 

lb. 

oz. 

1 

9           1 

0 

2 

Clay. 

^  inch  of  top  of  tamping  re- 
'  moved — rock  fractured. 

2 

2 

1 

0 

2 

do. 

Tamping  remained — rock  star- 
fractured. 

3 

2 

0 

2 

do. 

8|  inches  of  tamping  removed 
— rock  fractured. 

4 

2 

0 

2 

do. 

Tamping  remained — rock  frac- 
tured. 

5 

2 

0 

3 

do. 

Portions  of  tamping  adhered  to 
sides  of  the  hole — a  mass  of 
rock  blown  off. 

6 

2 

0 

3 

do. 

Tamping  all  remained — rock 
fractured. 

7 

2 

0 

3 

do. 

If  inch  of  tamping  removed 
— rock  fractured. 

8 

2 

0 

3 

do. 

Tamping  remained  entire — 
rock  fractured. 

9 

2 

0 

4 

do. 

5^  inches  of  tampiug  removed 
— rock  fractured. 

10 

2 

0 

4 

do. 

2  inches  of  tamping  removed 
— rock  star-fractured. 

11 

2 

0 

2 

Sand. 

Tamping  entirely  blown  out — 
rock  uninjured. 

12 

2 

0 

1 

do. 

do.                     do. 

13 

2 

0 

1 

do. 

do.                     do. 

14 

2 

0 

Oi 

do. 

do.                     do. 

15 

2 

0 

o| 

do. 

do.                     do. 

16 

2 

0 

H 

do. 

do.                     do. 

This  was  repeated  three  times 
with  the  same  effect. 

N.B. — By  the  ordinary  miners' 
rule  of  allowing  ^  depth  of 
hole  for  the  charge,  one  of 
2  feet  deep  by  1  inch  diame- 
ter would  require  3  4  ounces. 

17 

4 

u 

0 

6 

Clay. 

1  foot  8-iuches  of  top  of  tamp- 
ing removed — rock  fractured. 

18 

4 

u 

0 

6 

Sand. 

Tamping  blown  clean  out — no 
fracture. 
N.B.— Inhole  4-feet  by  1^  inch, 

1 

I  of  depth  will  contain  15  oz. 

of  powder. 

19 

6          2 

0 

8 

MSand 

Tamping  blown  out,  no  frac- 

1 

ture. 
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No.  of 

Depth 

Diame- 

Charge Descrip- 

experi- 

of 

ter  of 

of         tion  of 

Effect  and  Remarka. 

ments. 

hole. 

hole. 

powder,  tamping 

No. 

feet. 

inches. 

lb.  oz. 

20 

6 

2 

0      8 

CSand. 

4  ft.  7  inches  of  tamping  blown 
out,  below  which  was  a  hard 
crust  of  about  4  inches  thick, 
and  in  the  cavity  below  there 
remained  8  or  9  inches  of  the 
sand,  mixed  with  burnt  pow- 
der— no  fracture  in  the  rock. 

21 

6 

2 

0   10 

Clay. 

Tamping  unmoved — rock  un- 
injured. 

22 

6 

2 

0  10 

Sand. 

1  inch  of  top  of  sand  removed 
— rock  fractured. 

23 

6 

2 

0  10 

Mdo. 

Tamping  blown  out — no  frac-  1 
ture  in  rock. 

24 

6 

2 

0  12 

Clay. 

2  inches  of  tamping  removed  ' 
— rock  fractured. 

25 

6 

2 

0  12 

Sand. 

2  ft.  4  inches  of  sand  removed. 

26 

6 

2 

0  12 

Mdo. 

Tamping  all  blown  out — no 
fracture. 

27 

6 

2 

0  14 

Clay. 

1  in.  removed — rock  fractured. 

28 

6 

2 

0  14 

Sand. 

7  inches  removed — rock  frac- 
tured. 

29 

6 

2 

1     0 

Clay. 

Tamping  unmoved — rock  frac- 
tured thoroughly. 

30 

6 

2 

1     0 

Sand. 

Tamping  blown  out  —  rock 
fractured  thoroughly. 

31 

6 

2 

1     0 

Cdo. 

Tamping  unmoved — rocklifted 
— the  explosion  probably  es- 
caped through  the  joints. 

32 

6 

2 

1     4 

Cdo. 

Tamping  blown  out  —  rock 
star-fractm-ed. 

33 

6 

2 

1     8 

Cdo. 

Blown  out,  rock  slightly  cracked. 

34 

6 

2 

1     8 

Cdo. 

Tamping  blown  out  —  rock 
shaken,  joints  opened. 

35 

6 

2 

1     8 

Cdo. 

Tamping  blown  out-no  fracture. 

36 

6 

2 

1     8 

Cdo. 

4  feet  1  inch  blown  out,  then 
3  inches  of  loose  sand,  and 
below  that  a  hard  cinist — no 
fracture  of  rock. 

37 

1 

6 

2 

1     8 

Clay. 

Tamping       unmoved  —  rock 

cracked. 
N.B.— In  hole  6  ft.  by  2  inches, 

^  of  depth  will  contain  2  lb.    j 

8  ounces  of  powder. 

I     38 

9 

2 

0     6 

MSand 

7  feet  10  inches  blown  out — 
no  fracture  in  rock. 

39 

9 

2 

0     8 

Mdo. 

8  feet  6  k  inches      do.         do. 

40 

9 

2 

0     8 

Cdo. 

7  feet  4  inches         do.         do. 

41 

9 

2 

0  10 

Cdo. 

7  feet  14  inch.         do.        do. 
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No.  of 

Depth 

Diame- 

Charge Descrip- 

1 

experi- 

of 

ter  of 

of 

ti(.n  of 

Effect  and  Remarks. 

ments. 

hole. 

hole. 

powder. 

tamping 

No. 

feet 

inches. 

lb. 

oz. 

42 

9 

2 

0 

]2 

MSand 

Tampingblownout.  no  fracture. 

43 

9 

2 

0 

12 

Cdo. 

7  ft.  blown  out — no  fracture — 
a  hard  substance  1  ft.  3  in. 
above  bottom  of  hole;  then 
a  cavity  of  2  or  3  inches,  and 
under  it  sand  mixed  with 
burnt  powder;  the  crust  re- 
quired considerable  labour  to 
pierce  with  a  2-inch  churn 
jumper,  worked  by  2  men. 

44 

9 

2 

0 

14 

Cdo. 

6  feet  10^  inches  blown  out — 
no  fracture  —  similar  hard 
crust  to  preceding  No. 

45 

9 

2 

3 

0 

Clay. 

Tamping  unmoved — rock  very 

sliglitly  cracked. 
N.B.— j^  of  hole  9  ft.  by  2  m. 

will  contain  3f  lb.  of  powder. 

46 

9 

2^ 

1 

0 

CSand 

3  ft.  11  in.  blown  out — no  frac- 
ture-similar hard  crust  found. 

47 

9 

2^ 

1 

0 

Mdo. 

Blown  out,  except  a  small 
crust  of  about  ^  inch  thick. 

48 

9 

2h 

1 

8 

Cdo. 

5  feet  3  inches  blown  out — 
rock  cracked. 

49 

9 

2J 

2 

0 

Cdo. 

Tamping  unmoved. 

60 

9 

2^ 

S 

0 

Cdo. 

Tamping  unmoved — the  explo- 
.ion  found  vent  by  aside  joint 
t^fiiX  the  charge — making  an 
extensive  fracture. 

51 

9 

2^ 

3 

0 

Clay. 

Tumping  unmoved-rock  fractd. 

52 

9 

2^ 

3 

8 

CSand 

5  feet  10  inches  blown  out — no 
fracture. 

53 

9 

^ 

4 

0 

Clay. 

Tamping  unmoved-rock  fractd. 

54 

9 

H 

4 

0 

CSaud 

3  feet  2  inches  blown  out — no 
fracture — the  hard  crust  5  ft. 
7  inches  from  top  of  hole  was 
some  inches  thick. 

56 

9 

24 

4 

8 

CSand 

Blown  all  out — rock  slightly 
fractured. 

56 

9 

2. 

5 

0 

Cdo. 

Blown  all  out — rock  fractured. 

67 

9 

2l 

5 

0 

Clay. 

Tamping  unmoved — rock  frac- 
tured. 

58 

9 

H 

6 

0 

do. 

Tamping  unmoved  —  rock 
shaken  —  explosion  escaped 
through  side  joints. 

N.B.— ^  of  depth  of  hole  9  ft. 
by  24  inches  would  contain 
6  lb.  14  oz.,  or  nearly  6  lb. 

of  powder. 
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lu  the  same  paper  of  the  Franklin  Institute  above  referred 
to,  it  is  stated  that  the  sand  was  sometimes  poured  in  loose, 
and  sometimes  onrefuWj  packed. 

The  packing  was  performed  by  means  of  a  small  sharp 
stick,  which  was  worked  up  and  down  as  the  sand  was  slowly 
poured  in. 

It  is  stated,  that — 

"  This  method  was  found  to  be  the  best,  and  is  the  one 
always  used  at  Fort  Adams,  in  charging  drill  holes  for  sand 
blasting. 

"  Sand  that  was  packed  presented  a  much  greater  resist- 
ance than  that  which  was  poured  in  loose." 

In  order  to  try  the  value  of  thus  packing  the  sand,  it  was 
ascertained  how  much  was  added  to  the  mass  by  this  mode  of 
condensation ;  for  this  purpose  we  used  a  tin  tube  of  24 
inches  long  by  2|  inches  diameter  at  mouth. 
2-Jg^  do.         do.        at  bottom. 

When  filled  with  the  different  qualities  of  sand,  the  weights 
were  respectively — 

Fine  Middling  Coarse, 

oz.  oz.  oz. 

Poured  in  loose  .         .     65  76  bO 

Packed  by   process    above 

described         ...     74  83i  84 

Many  trials  in  blasting  were  made  with  tamping  of  sand 
thus  packed. 

In  holes  2  feet  deep  by  1  inch  diameter,  each  of  the  three 
qualities  of  sand  was  tried  with  a  |-ounce  and  a  i-ounce 
cl'ari^e,  and  in  the  whole  of  theiu  the  sand  was  all  blown 
out. 
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Experiments  on  Tamping  with  Packed  Sand. 


F  Sand,  fine 

• 

M  Sand,  middling.                      C  Sand,  coaree. 

[  No.  of 

Depth 

Diame- 

Charge 

Descrip- 

experi- 

ter of 

of 

tion  of                  Effect  and  Remarks. 

ments. 

hole. 

hole. 

powder. 

tamping 

No. 

feet. 

inches. 

lb 

oz. 

69 

0 

7 

CSand 

Tamping  blown  out. 

60 

0 

7 

Cdo. 

Tamping  remained — rock  frac- 
tured. 

61 

0 

6 

Mdo. 

2  feet  61  inches  removed — 
rock  fractured. 

62 

0 

6 

Mdo. 

1  foot  51  inches  removed — 
rock  fractured. 

63 

0 

6 

Cdo. 

Tamping   blown   out — but   a  ' 
slight  crust  adhered   to  the  ■ 
sides  of  the  hole.                       j 

64 

i^ 

0 

5 

Mdo. 

Tamping  blown  out.                    1 

65 

0 

5 

Cdo. 

Tamping  removed — except  a 
hard  crust  about  12  inches 
above  bottom  of  hole. 

66 

0 

5 

Cdo. 

do.                          do. 

67 

0 

4 

Mdo. 

3  in.  of  tamping  only  remained. 

68 

0 

4 

Fdo. 

Tamping  blown  quite  out. 

69 

6 

2"' 

0 

7 

Fdo. 

70 

— 

— 

0 

6 

— 

In    all    these,    the  tamping 

71 

— 

— 

0 

5 

— 

blown  out. 

72 





0 

4 



73 

— 

— 

0 

3 

— 

All  blown  out  but  1^  inch. 

74 

— 

— 

0 

12 

Mdo. 

^ 

75 





0 

11 



76 

— 

— 

0 

10 

— 

In    all    these,   the    tamping 

77 



— 

0 

9 



f   blown  out. 

78 

— 

— 

0 

8 

— 

79 

— 

— 

0 

7 

— 

J 

80 

— 

— 

0 

10 

Mdo. 

About  1  foot  of  sand  remained 
rock  fi-actured. 

81 

— 

— 

1 

0 

Cdo. 

Tried  twice — in  both  cases  the 
tamping  blovra  out. 

82 

— 

— 

0 

15 

— 

Blown  out,  except  a  hard  crust 
17^  inches  from  bottom. 

83 

— 

— 

0  15 

— 

2  feet  removed — a  hard  crust. 

took   2  men   40  minutes  to 

bore  through. 

84 

— 

— 

0 

14 

— 

16  inches  remained  —  hard 
cmst  formed. 

85 





0 

13 

— 

Blown  out,  all  but  hard  crust. 

86 

1 

0 

13 

3  feet  6^  inches  blown  out — 
hard  crust  12  or  14  inches 
thick,  bored  through  with 
much  labour. 

87 

— 

— 

0 

12 

« 

5  feet  4^  inches  blo\vn  out.      ' 

1 
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The  quality  of  the  sand  has  not  been  always  noted  in  these 
or  the  former  trials  ;  but  all  three  kinds  were  employed.  The 
very  fine,  contrary  to  the  received  opinion  that  it  is  the  best, 
universally  failed :  the  very  coarse,  in  the  larger  explosions, 
was,  for  a  few  inches  in  thickness,  generally  vitrified  or 
cemented  together  into  a  very  hard  crust.  On  trial  with  an 
acid,  it  was  found  that  there  were  some  particles  of  limestone 
mixed  with  this  sand,  the  sudden  burning  of  which  might 
perhaps  have  assisted  in  producing  this  effect. 

lu  all  the  descriptions  of  sand,  indeed,  this  cementing 
process  took  place  at  times,  more  or  less,  and  all  of  them 
contained  particles  of  lime. 

These  last  experiments  were  made  at  a  different  period 
from  the  former  trials  of  sand,  and  probably  with  some 
variety  in  the  quality  of  the  powder  and  material,  which  must 
account  for  the  apparent  inferiority  of  the  packed  sand ; 
whereas  the  packed  must  be  the  best,  although  in  too  small 
9  degree  to  remedy  the  inherent  defects  in  any  tamping 
of  sand. 

In  fact,  it  is  impossible  to  reduce  those  kinds  of  experi- 
ments to  any  very  close  results  in  detail,  although  by 
numerous  trials  we  may  come  to  general  results  that  may 
be  well  relied  on. 

The  conclusion  come  to  from  all  these  experiments,  not- 
withstanding some  discrepancies  that  will  be  observed,  is, 
that  sand  of  any  description,  and  however  applied,  is,  when 
used  by  itself  for  small  blasts,  perfectly  worthless,  and  quite 
inferior  to  clay  tamping  for  larger  explosions,  at  least  so  fiir 
as  for  holes  9  feet  deep  by  2^  inches  in  diameter. 

The  cause  of  the  sand  tamping  not  presenting  the  same 
resistance  to  the  explosion  of  powder  in  a  blasting  hole  that 
it  does  to  the  mechanical  pressure  through  tubes,  is,  no 
doubt,  that  the  explosion  penetrates  among  the  particles,  and 
loosens  and  separates  them,  instead  of  wedging  them  together 
as  when  pressed.  The  same  action  will  be  observed  in  a 
subsequent  part  to  produce  an  extraordinary  effect  on  sand 
or  other  loose  material  when  used  with  iron  cones. 

No  examination  was  made  in  any  of  these  or  preceding 
experiments  of  the  quality  of  the  powder,  excepting  those 
expressly  for  that  object.  It  was  in  all  cases  the  ordinary 
merchants'  blasting  powder;  nor  was  any  account  taken 
of  weather,  or  other  such  circumstances  as  might  cause 
discrepancies  in  trials  made  at  different  periods. 
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The  only  other  materials  for  tamping,  requiring  much 
notice,  are— 

Broken  brick,  and 

Broken  stone,  or  quarry  rubbish. 

I.  Brohen  hrick  is  a  good  material  for  tamping,  and  gives 
considerable  resistance,  though  not  so  much  as  clay ;  vide 
Nos.  116,  117,  118,  in  Table.  It  will  not  strike  fire  with 
iron,  and  it  is  to  be  procured  in  most  situations. 

II.  Broken  stone  is  of  two  qualities.  Some  quarrymen 
are  in  the  habit  of  using  a  rotten  kind  of  stone  that  is  found 
in  most  stone  countries ;  not  being  brittle,  it  rams  into  a 
very  firm  mass,  and  is  not  subject  to  strike  fire ;  but  being 
stone  at  all,  gives  an  opportunity  for  careless  workmen  to 
apply  the  harder  quality  instead,  or,  at  any  rate,  to  mix 
pieces  of  the  latter  with  it,  by  which  the  operation  is  subject 
to  the  contingencies  of  the  use  of  the  hard  material. 

The  ordinary  material  used  for  tamping  is  the  broken 
stone  and  rubbish  of  the  quarry  itself,  unless  notoriously 
subject  to  strike  fire. 

This,  by  experiment  with  the  blue  limestone  or  granite  of 
the  neighbourhood  of  Dublin,  was  found  to  be  inferior  to 
clay  as  a  resisting  medium.     Vide  experiment  No.  119. 

it  is  also  more  liable  to  cut  the  safety  fuse,  or  to  derange 
the  needle  hole,  but,  above  all,  it  is  never,  in  any  rock, 
entirely  free  from  some  danger  of  giving  fire,  and  causing 
accidents :  this  is  quite  enough  to  occasion  it  to  be  rejected 
wherever  it  is  possible  to  procure  a  substitute. 
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Experiments  with  Tarnping  of  Clay,  Broken  BricJe,  and 
Broken  Stone. 


C  Contractor' 

3  Powder.       ( 

3  Government  Powder. 

°  6 

Holes. 

Charge 

and 
descrip- 

Tamping. 

Results  and  Observations. 

oV. 

Depth. 

Dia- 

tion of 

;2S. 

1 

meter 

powder. 

No. 

ft. 

in. 

in. 

88 

3 

0 

2 

2  oz.  C. 

Clav  4  to 

16  in. 
Do.  17  in. 

All  blown  out. 

89 

3 

0 

2 

i> 

A  small  quantity  left. 

90 

3 

0 

2 

Do.  18  in. 

All  blown  out. 

91 

2 

0 

2 

„ 

Do.  19  in. 

7  inches  of  tamping  removed. 

92 

2 

0 

2 

2  oz.  G. 

Do.  19  in. 

74  inches  removed. 

93 

3 

0 

2 

2  oz.  C. 

Do.  20  in. 

5|  inches  removed. 

94 

2 

0 

2 

2oz.G. 

Do.  20  in. 

8^  inches  removed. 

95 

.  3 

0 

2 

2  oz.  C. 

Do.  24  in. 

3  inches  removed. 

96 

2 

2 

2 

2  oz.  G. 

Do.  24  in. 

6  inches  removed. 

97 

2 

10 

2 

3  oz.  C. 

Do.  323  in. 

Tamping  undisturbed  —  rock 
well  cracked — line  of  least  re- 
sistancel  9  inches  in  afavourable 
position,  near  a  salient  angle. 

98 

3 

2 

2 

3oz.G. 

Do.  37i  in. 

Tampingblown  out—  rock,  to  all 
appearance,  not  affected — line 
of  least  resistance  2  feet,  in  an 
unfavourable  position,  near  a 
re-entering  angle.* 

99 

4 

1 

U 

2 

24  oz. 
C. 

Do.  4  ft. 

16  inches  removed  —  the  clay 
jn  this  case  was  very  dry,  and  in 
powder,  and  considered  to  be 
less  efficient  than  when  caked. 

100 

3 

0 

2 

4  oz.  C. 

Do.  24  in. 

Tamping  not  disturbed  —  rock 

lifted. 
All  blown  out. 

101 

1 

7 

2 

1  oz.  C. 

Do.  10  in. 

102 

1 

2^ 

2 

1  oz.  C. 

Do.  12  in. 

About  3  inches  of  top  blown 
out,   and   a  considerable  por- 

103 

1 

tion  round  fuse-hole. 

to 

3 

0 

1 

2  oz.  C. 

Do.  5  &  6  in. 

All  blown  out. 

105 

106 

3 

0 

1 

2  oz.  C. 

Do.  7  in. 

14  inch  removed. 

107 

3 

0 

1 

2  oz.  G. 

Do.  7  in. 

All  blown  out — tried  twice. 

108 

2 

91 

1 

2oz.G. 

Do.  8  in. 

f  inch  removed — rock  slightly  . 
affected.                                        ' 

109 

3 

1 

1 

2oz.G. 

Do.  8  in. 

2^  inches  removed. 

110 

4 

0 

3 

2  oz.  C. 

Do.  14  in. 

All  blown  out. 

111 

3 

94 

3 

2  oz.  C. 

Do.  18  in. 

All  blown  out. 

112 

2 

0 

3 

2  oz.  C. 

Do.  20  in. 

Very  little  removed,  except  on 
side  of  fuse-hole. 

113 

3 

104 

3 

2  oz.  C. 

Do.  22  in. 

13  inches  removed. 

•  The  effect  on  the  tamping  in  this  experiment  (No.  98)  is  so  different  from  all  the 
others,  with  even  superior  charges,  {vide  Nos.  100,  and  114  to  122,)  that  there  was  pro- 
bably some  misapprehension  in  preparing  or  recording  the  experiment. 
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i=5  ! 

Charge 

Holes. 

a«(T 
descrip- 

Tamping. 

o  g 

Results  and  Observations. 

6-C 

Depth. 

Dia- 
meter 

tion  of 
pcwder. 

No. 

ft. 

in. 

in. 

114 

4 

Ok 

3 

4  oz.  C. 

Clay  26  in. 

17i  inches  removed. 

115 

4 

0? 

3 

4  oz.  C. 

Do.  30.  in. 

22  inches  removed. 

116 

3 

2 

2 

4  0Z.C. 

Do.  24  in. 

Tamping  undisturbed  —  rock 
slightly  cracked. 

117 

3 

2 

2 

4  oz.  C. 

Do.  22  in. 

3  inches  of  top  of  tamping  re- 
moved— the  remainder  undis- 
turbed. 

118 

3 

2 

2 

4  oz.  C. 

Do.  21  in. 

4  inches  of  tamping  removed — 
rock  burst. 

119 

3 

2 

2 

4  oz.  C. 

Do.  20  in. 

1  inch  removed— rock  burst. 

120 

2 

0 

2 

4  oz.  C. 

Do.  18  in. 

6  inches  removed — rock  burst. 

121 

2 

0 

3 

4  oz.  C. 

Do.  20  in. 

Rock  burst — enlarged  upper  part 
of  fuse-hole. 

122 

2 

0 

3 

4  oz.  C. 

Do.  18  in. 

8  inches  removed — rock  burst. 

123 

16 

0 

4 

351b. 
C. 

Do.  9  ft. 

The  charge  occupied  7  feet — 
the  rock  was  separated  across 
the  hole,  at  the  outer  end  of 
which  4  inches  of  the  tamping 
was  found  firmly  adhering  to 
the  side  of  the  half  hole  in  the 
solid  rock. 

124 

7 

2 

2 

2  1b. 
8  oz.  C. 

Do.  6  ft.  2  in. 

The  powder  occupied  2  feet — 
the  rock  was  separated  so  as 
to  cut  the  hole  longitudinally 
in  two — the  tamping  was  fomid 
adhering  firmly  to  15  inches  of 
the  upper  end  of  the  half  Hole. 

125 

11 

0 

3 

191b. 

12  oz. 

C. 

Do.  4  ft. 

The  powder  occupied  7  feet  out 
11 — the  face  of  the  rock  was 
blown  down  along  the  line  of 
the  hole,  excepting  the  upper 
2  feet  6  inches,  which  re- 
mained, and  in  which  the 
tamping  continued  firmly  fixed 
after  the  explosion.  Fig.  13, 
p.  49. 

All  blown  out. 

126 

2 

0 

2 

2  oz.  C. 

Broken 

brick,  quite 

diy,  18in, 

127 

2 

0 

2 

2  oz.  C. 

Do.  23  in. 

All  blown  out. 

128 

2 

0 

2 

2  oz.  G. 

Broken 

brick, 

damped, 

23  in. 

All  blown  out,  except  a  slight 
incrustation  on  sides  near  the 
bottom. 

129 

2 

0 

2 

2  oz.  C. 

Broken 

granite 

stone,  23  in. 

All  blown  out — the  stone  was 
nearly  in  a  state  of  disintegra- 
tion. 
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Fig.  13. 


But  few  trials  were  made 
with  broken  brick ;  the  object 
was  merely  to  confirm  the 
opinion  that  it  possessed  no 
decided  advantage,  in  point 
of  resistance,  over  clay ;  if 
anything,  it  is  believed  to  be 
t^omewhat  inferior,  and  re- 
quires a  little  moisture,  which 
is  a  slight  disadvantage ;  and 
it  is  more  liable  to  have  par- 
ticles of  stone,  or  hard  mate- 
terial  that  might  strike  fire, 
mixed  up  with  it. 

The  broken  stone  was  tried  once  or  twice  besides  tlie 
instance  recorded,  and  in  all  showed  an  inferiority  to  the 
clay  ;  the  use  of  it  being  always  attended  with  more  or  less 
of  danger,  it  was  not  thought  advisable  even  to  experiment 
much  with  it. 

It  will  be  perceived  that  in  holes  of  2  inches  diameter, 
2  ounces  of  powder  will  blow  out  about  18  inches  of  clay, 
and  not  more. 

In  holes  of  1  inch  diameter,  2  ounces  will  not  blow  out 
above  7  inches. 

In  holes  of  3  inches  diameter,  2  ounces  will  not  blow  out 
above  19  or  20  inches. 

This  comparison,  however,  is  not  quite  conclusive  enough 
to  found  a  theory  on,  as  the  position  of  so  small  a  quantity 
as  2  ounces  spread  on  the  surface  of  a  3-inch  hole  gives  it  a 
disadvantage,  whereas  in  a  1-inch  hole  it  lies  very  compact. 

Increase  of  charges  does  not  produce  the  increased  effect 
upon  good  tamping  that  might  be  expected.  It  has  been 
shown  (]N'os.  90,  91,  Table  of  Experiments,)  that  in  a  2-inch 
hole  2  ounces  of  powder  will  just  blow  out  18  inches  of  the 
tamping  ;  in  No.  100,  and  from  116  to  122,  it  will  be  found 
that  4  ounces,  that  is,  double  the  charge,  had  scarcely,  if  at 
all,  more  effect,  so  far  as  can  be  judged  under  the  different 
circumstances. 

When,  however,  the  rock  is  opened  by  the  explosion,  the 
effect  on  a  tamping  of  clay  or  other  tough  material  is  greatly 
reduced ;  see  Nos.  123  and  124,  and  particularly  No.  125, 
for  a  remarkable  instance  of  this ;  also  Nos.  97  and  98,  foi 
the  difference  in  effect  on  the  tamping  caused  by  the  rock 
vielding,  or  not,  to  the  explosion.     It  would  appear  tliat  the 
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action  upon  the  rock  in  opening  it  is  much  more  rapid  than 
on  the  tamping ;  even  where  the  rock  is  separated  across 
the  line  of  the  hole  itself,  the  tamping  is  usually  found 
adhering  to  one  or  both  sides. 

This  is  a  very  favourable  circumstance  in  blasting. 
It  would  be  interesting  to  follow  up  the  experiments  of 
the  effect  of  varying  charges,  with  varying  depths  and 
diameters,  upon  one  uniform  description  of  clay  or  other 
good  tamping ;  it  would  seem  probable  that  after  a  certain 
point,  which  may  be  perhaps  about  24  inches  in  a  2-feet  hole, 
the  charges  to  remove  increasing  depths  of  such  tamping 
must  be  increased  in  a  much  greater  proportion  even  than 
as  the  cubes  of  those  depths  :  it  is  very  difficult,  however,  to 
make  such  experiments,  on  account  of  the  bursting  of  the 
rock  with  increasing  charges,  by  which  the  effect  on  the 
tamping  is  reduced;  it  could  only  be  done  by  holes  in 
re-entering  angles,  very  closely  bound  by  projecting  masses. 

After  having  tried  the  value  of  the  ordinary  modes  of 
tamping  with  broken  stone,  sand,  brick,  and  clay,  it  becomes 
worthy  of  consideration  whether  additional  resistance  might 
not  be  obtained  by  some  mechanical  application  of  a  different 
nature,  tending  to  save  time,  labour,  and  chances  of  accident. 

Any  such  contrivance,  to  be  practically  of  general  service, 
must  be  very  simple  in  construction  and  application,  and 
obtained  at  an  expense  not  disproportionate  to  the  advantages 
gained  by  its  use. 

The  one  that  naturally  suggests  itself  is  some  kind  of  plug 
or  wedge,  fixed  in  the  loaded  hole  in  a  manner  to  increase 
the  resistance. 

If  such  a  plug  could  be  contrived  to  give,  with  sand,  or 
loose  small  broken  stone,  or  quarry  rubbish,  equal  resistance 
to  the  same  depth  of  good  clay  tamping,  a  very  great 
advantage  would  be  obtained  in  rapidity*  of  the  tamping, 
and  in  security  from  accidents. 

Many  trials  were  made  for  this  purpose. 

The  first  was  with  an  iron  plug  two  or  three  inches  long, 
and  very  slightly  coned,  the  larger  end  being  of  somewhat 
greater  diameter  than  the  hole. 

It  is  well  known  that  such  plugs,  when  driven  into  a  hole 
in  rock,  and  not  having  perhaps  half  an  inch  of  contact,  will 
raise  from  the  ground  the  weight  of  many  tons,  showing  a 

♦  Substantial  tamping  is  usually  executed  at  the  rate  of  from  six  to 
twelve  inches  per  minute  ;  nine  inches  per  minute  may  therefore  be 
calouiated  upon  us  a  medium  for  holes  of  almost  any  size. 
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degree  of  tenacity  that  it  was  expected  would  be  very 
powerful  against  the  explosion  from  within ;  but  when  tried 
over  the  sand,  although  evidently  affording  much  increased 
opposition,  they  were  still  in  all  cases  driven  out  with  sharp 
explosions,  by  smaller  quantities  of  powder  than  would  have 
removed  good  clay  tamping. 

Plugs  of  wood  were  tried  with  a  similar  result. 

Iron  plugs,  of  a  form  slightly  curved  in  a  barrel  shape,  and 
about  3  inches  long,  were  also  tried,  and  with  better  effect : 
when  tightly  driven  into  the  top  of  the  hole  they  took  firm 
hold,  and  over  loose  sand,  when  properly  fitted,  appeared  to 
give  more  resistance  than  equal  depths  of  cla}?-  {vide  Nos.  130, 
131,  132  of  Tables)  ;  they  had  a  groove  along  the  side  for 
the  fuse  to  pass  through  (fig.  14),  and  a  strong  eye  to  which 


Fig.  14. 

a  string  could  be  fastened  with  some  object  attached,  to 
enable  it  to  be  seen  and  found  if  the  plug  was  forced  into 
the  air. 

A  few  of  them  were  made  for  2-inch  holes,  that  is,  varying 
in  diameter  from  a  little  less  to  a  little  more  than  2  inches  ; 
so  that  from  the  set  it  was  easy  by  trial  to  find  one  that 
would  fit  with  a  proper  degree  of  tightness. 

The  objections  to  the  use  of  such  plugs  would  be — ex- 
pense ;  occasional  losses ;  when  blown  out,  some  danger  of 
falling  on  the  by-standers ;  a  degree  of  difficulty  in  removing 
them  when  not  blown  out,  or  the  rock  cracked  precisely 
across  the  mouth  of  the  hole ;  and  want  of  simplicity  by 
requiring  an  additional  implement ; — in  this  case,  too,  there 

D  2 


QUARRYING    AND    BLASTING    ROCKS. 


is  the  chance  of  the  workmen  carelessly  applying  such  as 
would  not  fit  well,  by  which  they  would  be  rendered  of  little 
or  no  service. 

Pins  formed  of  cylindrical  pieces  of  iron,  6  inches  long, 
whereof  two  sides  were  taken  off,  each  of  them  of  the  thick- 
ness at  top  of  about  a  quarter  of  the  diameter  of  the  cylinder, 
and  tapering  to  nothing  at  the  bottom,  so  as  to  form  two 
wedges,  were  then  tried  over  sand  at  the  upper  edge  of  the 
hole;  and  although  the  pin  was  driven  up  against  these 
wedges,  and  much  effect  produced,  still  they  were  not  equal 
to  the  clay. 

A  cone  placed  immediately 
on  the  charge  of  powder,  and 
filled  over  with  stone  broken 
to  pieces  of  about  half  an  inch 
cube  (fig.  15),  it  was  consi- 
dered would  give  very  power- 
ful effects.  ISuch  a  cone  at 
the  end  of  a  rod  of  iron,  and 
having  only  16  inches  of 
broken  stone  over  it,  at  Chat- 
ham, where  the  idea  origin- 
ated, was  proved  to  support  a 
weight  of  16  tons.  A  similar 
trial  was  made  subsequently 
at  Kingstown,  and  it  sup- 
ported a  weight  of  10  tons 
without  showing  any  signs  of 
yielding,  and  even  with  fine  sand,  instead  of  stone,  over  it ; 
and  although  the  base  of  the  cone  was  only  1|  inch  in  a 
hole  of  2J  inches  in  diameter,  it  sustained  the  same  weight 
perfectly. 

Still,  notwithstanding  this  great  power,  when  opposed  to 
the  gradual  application  of  a  force  from  above,  it  was  found  to 
give  way  to  the  explosion  of  the  powder  from  below  (see  Nos. 
133  to  145). 

It  would  seem  that  the  explosion  penetrates  round  the 
sides  of  the  cones,  however  small  the  windage  (and  they 
cannot  be  made  to  fit  very  tight,  on  account  of  the  irregular 
size  and  shape  of  the  holes),  and  by  the  fuse  hole,  and  acts 
directly  on  the  broken  stone  or  sand  above,  so  as  to  prevent 
them  from  operating  as  a  wedge. 

Some  of  the  objections  to  the  barrel-shaped  plugs  apply  to 
these  cones  also :  it  would  be  attended  with  great  laboiir  to 
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extract  them  if  not  disengaged  by  the  explosion ;  and  it 
would  be  very  difficult  to  apply  them  in  holes  horizontal,  or 
nearly  so,  unless  they  were  very  shallow. 

The  last  contrivance  tried,  and  which,  as  far  as  it  has 
gone,  has  given  a  greater  degree  of  resistance  than  any  other 
mode  of  tamping,  has  been  the  application  of  iron  cones, 
with  long  iron  arrows  applied  as  wedges  (fig.  16). 


? 


The  cones  may  be  from  3  to  6  inches  long,  with  a  groove 
for  the  fuse,  and  an  eye  at  the  top. 

The  arrows,  from  21  inches  to  2  feet  6  inches  long,  made 
of  ^-inch  round  iron,  with  a  long  fine  point  at  one  end,  and 
turned  to  a  handle  at  the  other. 

The  arrows  are  proposed  to  be  of  this  shape,  as  perhaps 
the  cheapest  that  could  be  made. 

These  cones  were  inserted  at  from  6  inches  to  2  feet  below 
the  edge  of  the  hole :  for  their  effects,  see  Nos.  146  to  163 
of  the  following  Tables. 

The  arrows  should  not  be  less  than  |  inch  thick  (see  No. 
152),  nor  more  than  | ;  nor  fewer  in  number  than  3  for  a 
2-inch  hole,  or  5  for  a  3-inch  (see  Nos.  152,  and  161,  162). 

The  cone  is  let  down  over  the  sand,  clay,  or  rubbish,  and 
the  arrows  are  fixed  to  their  position  by  a  slight  blow  or  two 
with  a  hammer  or  stone. 

The  objections  to  this  implement  are  in  some  res;pects 
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similar  to  the  others ;  Bamely,  expense,  cdance  of  occasionnl 
losses  when  blown  out,  or  of  falling  on  people's  heads ;  tlie 
almost  impossibility,  frequently,  of  removing  them  when 
not  blown  out,  without  breaking  open  the  rock ;  and  want 
of  simplicity  in  requiring  so  many  additional  implements. 

The  wear  and  tear  of  the  arrows  would  be  considerable,  as 
they  are  usually  thoroughly  flattened  near  their  lower  end, 
and  sometimes  broken  by  the  explosion. 

One  remarkable  circumstance  occurred  repeatedly  in  the 
trials  with  these  cones  and  arrows. 

"With  sand  laid  over  the  charge  of  powder,  and  under  the 
cones,  the  latter  were  firmly  wedged,  while  the  sand  (some- 
times in  considerable  quantity)  was  blown  out  entirely,  or 
nearly  bO,  by  the  small  opening  between  the  base  of  the  cone 
and  the  side  of  the  hole,  the  cones  not  being  particularly 
loose,  or  more  so  than  was  necessary  to  go  down  freely  (see 
Nos.  146,  149,  experiments). 

Even  clay  to  the  depth  of  6  inches  was  removed  in  the 
same  manner  from  under  the  cone  (No.  156). 

Broken  stone  could  not  escape  in  a  similar  way,  but  the 
explosions  through  it  were  observed  also  to  find  a  vent  round 
the  sides  of  the  cones. 

From  8  to  12  inches  of  clay  tamping  over  the  sand  pre- 
vented this  efiect. 

In  all  cases  the  powder  was  poured  in  by  a  copper  tube  to 
the  bottom  of  the  hole,  and  a  very  thin  covering  of  one  or 
two  folds  of  paper  was  the  only  wadding  used. 

The  rock  was  not  affected,  so  far  as  could  be  perceived, 
unless  where  otherwise  mentioned. 

Clay,  and  broken  brick  tamping,  were  in  all  cases  firmly 
rammed  down. 

Sand  and  gravel  in  all  cases  poured  in  loose. 

Broken  stone,  when  employed  by  itself,  was  well  rammed; 
and  when  used  with  any  kind  of  plugs  or  cones,  it  was 
poured  in  loose. 

Where  'portions  of  the  tamping  were  removed,  it  was  con- 
sidered to  have  been  occasioned  by  the  escape  of  the  explosion 
up  the  fuse  hole,  or  round  the  cones,  and  not  by  the  general 
concussion. 
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The  conclusions  which  I  think  may  be  reasonably  drawn 
from  the  foregoing  experiments  and  observations  on  tamping, 
are, 

1.  That  clay  dried  to  a  certain  extent  is,  all  thmgs  con 
sidered,  the  best  material  that  can  be  used  for  tamping. 

2.  That  broken  brick,  tempered  with  a  little  moisture 
during  the  operation,  is  the  next  best  material. 

3.  That  some  kinds  of  rotten  stone  are  as  good  as  either, 
but  that  it  is  not  so  easy  to  be  sure  of  always  having  the 
proper  kind,  and  the  use  of  it  is  very  likely  to  lead  to  an 
occasional  substitution  or  mixture  of  stone  of  other  quality, 
such  as  is  decidedly  objectionable. 

4.  That  sand,  or  any  other  matter  poured  in  loose,  is 
entirely  inefficient. 

5.  That  the  stone  dust  and  chippings  of  the  excavation 
itself  (excepting  the  rotten  kind  above  mentioned)  afford 
less  resistance  than  clay,  and  being  always  more  or  less 
attended  with  risk  of  accidents  by  untimely  explosion,  should 
never  be  employed. 

6.  That  ot  the  mechanical  contrivances  by  means  of  plug-! 
or  wedges,  the  most  effective  of  those  referred  to  are,  the 
cone  with  arrows,  and  the  barrel-shaped  plug;  both  of 
which,  particularly  the  former,  give  a  great  increase  of 
resistance;  but  that  all  such  contrivances,  leading  to  increased 
expense,  requiring  extra  arrangements,  and  some  attention 
to  a  proper  application,  such  as  cannot  always  be  depended 
upon,  are  none  of  them  applicable  to  ordinary  purposes,  but 
raight  be  very  useful  under  circumstances  where  every  blast 
is  under  great  difficulties,  or  attended  with  much  expense; 
for  instance,  under  water,  or  in  carrying  on  shafts,  galleries, 
&c.,  through  very  hard  rocks  ;  in  such  cases  the  additional 
cost  and  labour  of  employing  these  means  would  perhaps  be 
well  repaid  by  the  improved  effect  of  each  explosion. 

In  the  case  of  blasting  in  shafts  and  confined  driftways, 
where  the  openings  made  by  the  explosion  must  necessarily 
be  across  the  line  of  the  hole,  one  great  difficulty,  namely, 
that  of  disengaging  the  cone  or  plug  after  the  tiring,  does 
not  occur. 

In  very  confined  situations,  like  the  bottom  of  small  shafts, 
where  the  greatest  possible  effect  is  required  from  the  shal- 
lowest holes  ;  the  effects  from  deep  holes  being  counteracted 
by  the  infinite  resistance  of  the  contiguous  masses,  theao 
means  of  increasing  the  resistance  of  the  tamping  might  be 
very  useful. 
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The  comparative  strength  of  different  kinds  of  lamping 
will  vary  in  a  small  degree  in  different  places ;  that  which  is 
most  commonly  used,  will,  in  each  locality,  give,  relatively, 
no  doubt,  better  effects ;  thus  where  broken  brick  or  broken" 
stone  are  commonly  employed,  they  will  perhaps  on  trial  be 
found  to  give  somewhat  better  results,  as  compared  witli 
clay,  than  are  noted  in  these  Tables,  which  were  drawn  up 
where  the  clay  was  in  habitual  use,  and  the  others  were  only 
tried  for  experiment ;  but  it  is  apprehended  that,  althougli 
they  may  vary  in  degree,  in  no  case  would  the  difference  bo 
so  great  as  to  alter  the  relative  order  in  which  they  stand. 

TUNNELLUfa. 

By  far  the  most  difficult,  expensive,  and  dilatory  blasting 
operations,  are  those  connected  with  sinking  shafts  and 
driving  galleries  in  rock. 

The  disadvantages  under  which  such  work  proceeds,  arise 
from — 

1.  Want  of  space  in  which  to  work  to  most  effect. 

2.  Want  of  light. 

3.  Want  of  pure  air. 

4.  Penetration  of  water  into  the  works,  sometimes  in 
large  quantities. 

5.  The  necessity  for  securing  the  parts  excavated,  on 
every  side,  from  loose  fragments,  or  other  portions  that 
might  give  way, 

6.  l^ie  inconvenient  communication  for  men  and  imple- 
ments, for  removing  the  material,  &c.,  to  and  from  the  work 
during  the  operation. 

These  peculiarities  are  such  as  to  justify  and  even  to 
require  the  most  perfect  arrangements  and  contrivances  to 
be  made  use  of;  some  that  might  be  considered  for  ordinary 
blasting,  as  leading  to  unnecessary  refinement  and  cost. 

The  easiest  tunnels  or  galleries  to  open,  are  tliose  that  can 
be  worked  from  the  ends,  without  requiring  any  shaft ;  and 
more  particularly  those  worked  on  an  ascending  inclination, 
by  which  any  water  met  with  has  a  natural  drainage  away. 

Sometimes  it  may  be  so  well  circumstanced,  as  to  rise  from 
both  ends,  and  have  a  summit  in  the  interior. 

The  disadvantage  of  blasting  in  a  re-entering  angle,  sur- 
rounded on  all  sides  by  great  resistance,  has  been  adverted 
to  :  this  would  be  the  case  nearly  through  the  whole  progress 
of  a  tunnel,  if  the  face  were  all  to  be  taken  out  together,  and 


QUARRYING   AND    BLASTING    ROCKS. 


61 


Fig.  17. 


tlierefore  the  following,  it  is  conceived,  would  be  a  better 
order  of  proceeding,  and  has  partially  been  acted  upon  in 
some  instances. 

Commence  by  a  gal- 
lery or  driftway  a 
(fig.  17),  at  the  apex 
of  the  roof,*  as  small 
as  can  conveniently  be 
worked  in  ;  viz.,  about 
6  feet  high  by  3  feet 
wide.  This  will  be 
carried  on  necessarily 
in  the  most  disadvan- 
tageous way  for  the 
eftect  of  the  powder, 
as  previously  explained. 

The  next  portion  to 
work  out  will  be  b  b  ; 
and   in  that  some  ad- 
vantage will  be  obtained  from  the  first  opening  a,  to  apply 
the  powder  to  more  effect. 

The  great  mass  c  will  be  then  removed  almost  as  favourably 
as  in  an  open  quarry,  having  a  face  towards  that  part  of  the 
same  portion  c,  that  has  been  previously  removed,  to  which 
the  lines  of  least  resistance  can  be  directed. 

Thus  A  will  throughout  be  kept  well  in  advance  of  b,  and 
B  in  advance  of  c. 

It  is  probable  that  each,  without  checking  the  progress  of 
the  part  preceding,  may  be  made  to  keep  pace  with  it ;  and  if 
so,  the  whole  tunnel  may  be  worked  out  in  nearly  the  same 
time  as  would  be  required  for  a  driftway. 

The  advantage  of  beginning  at  the  roof  is, — 

1.  The  scaffolding  and  ladders  for  working  from,  become 
unnecessary. 

2.  The  roof  or  arch  is  easily  got  at,  and  made  sound  and 
secure  in  the  first  instance. 

3.  The  drainage  is  facilitated  as  the  work  proceeds,  as  will 
be  explained. 

In  tunnels  of  very  great  length,  the  operation  would  be  far 
too  long  by  working  them  only  from  one  or  even  from  both 


*  The  driftway  is  laoi'e  usually  carried  along  the  fioor  of  the 
gallery,  to  give  a  supposed  advantage  for  drainage ;  but,  as  I  think, 
erroneously. 
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ends,  it  becomes  necessary  then  to  sink  sliafts  to  inter- 
mediate points,  from  the  bottom  of  which  the  tunnel  is  carried 
on  in  each  direction  until  the  whole  shall  be  connected. 

This  of  course  will  add  very  greatly  to  the  difficulty  and 
expense : 

1.  By  the  additional  labour  of  excavating  the  shafts. 

2.  By  the  necessity  for  passing  all  the  workmen,  imple- 
ments, tools,  and  the  materials  from  the  excavation,  uo  or 
down  the  shaft,  as  the  case  may  be. 

3.  By  the  limited  space  below,  particularly  as  subject  to 
the  interruptions  occasioned  by  the  explosions,  from  which 
it  is  more  difficult  to  obtain  refuge. 

4.  By  the  probable  necessity  for  increased  artificial  means 
of  ventilation. 

5.  And  principally,  by  the  machinery  and  labour  requisite 
to  keep  each  distinct  shaft,  and  the  galleries  connected  witli 
it,  free  from  water. 

The  expenses  will  be  increased  in  proportion  to  the  number 
of  shafts ;  and  the  number  of  shafts  will  be  regulated  by  the 
time  to  which  the  execution  of  the  tunnel  is  limited. 

Thus,  if  the  nature  of  the  rock  and  other  circumstances  are 
such,  that  the  engineer  cannot  be  sure  of  penetrating  faster, 
at  each  head  of  driving  the  gallery,  than  3  yards  per  week, 
if  the  tunnel  is  to  be  2  miles  long,  and  the  period  for  its 
being  opened  three  years  from  the  commencement ;  on  these 
data  468  yards  w^ould  be  the  amount  that  would  be  opened 
during  three  years  in  each  head  of  working,  requiring  conse- 
quently between  7  and  8  heads  for  the  whole,  or  three 
shafts,  and  the  two  ends.  This,  however,  would  be  to 
suppose  that  the  work  commences  at  once  from  the  bottom 
of  each  shaft:  the  time  necessary  for  sinking  the  shafts, 
iiowever,  must  be  considered,  which  will  consequently 
increase  the  necessary  number  of  them. 

A  good  record  of  the  actual  result  of  working  tunnels, 
with  a  minute  detail  of  all  particulars,  is  very  much  wanted 
as  a  guide  for  future  operations. 

Many  circumstances  will  have  influence  upon  the  dimen- 
sions to  be  given  to  tunnels  ;  if  for  a  railway, —  the  width  of 
the  locomotives  and  carriages,  the  height  of  the  former,  &c. 

Certain  dimensions  may  be  deemed  fixed :  for  a  railway,  for 
instance,  the  height  of  the  vertical  side  walls  suppose  10  feet ; 
the  space  between  the  two  tracks,  and  between  each  of  them 
and  the  walls,  suppose  16  feet  in  all ;  besides  the  width  of  the 
track  of  this  space,  it  might  be  better  to  diminish  that  in  the 
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middle,  and  to  increase  those  on  tlie  sides,  suppose  4  feet  for 
the  fijst,  and  6  feet  for  each  of  the  others,  because — 

1.  The  side  spaces  would  be  more  useful  for  gas  or  other 
pipes,  or  for  lamps,  or  for  drains,  or  for  tools  or  materials 
during  repairs. 

2.  It  is  the  readiest  and  most  natural  position  for  any 
person  to  seek  for  refuge,  should  an  engine  or  carriage  pass 
while  he  may  be  in  the  tunnel. 

The  roof  should  be 
as  flat  as  the  rock  will 
admit  to  be  secure, 
provided  there  be  suffi- 
cient height  for  the 
engine  up  to  a  5,  (fig. 
18,)  over  each  track- 
way. 

Some  rockswill  bear 
being  cut  to  an  almost 
straight  horizontal 
roof;  this  will  be  par- 
ticularly the  case 
where  the  strata  are 
vertical,  or  nearly  so : 
others  require  to  be  high  and  pointed;  when  even  that 
form  shall  be  insufficient  the  very  troublesome  and  costly 
expedient  of  lining  with  brick  or  masonry  must  be  resorted  to 

It  has  been  sometimes  proposed  to  construct  a  double, 
gallery  for  a  tunnel ;  one  for  the  traffic  in  one  direction,  and 
the  other  for  that  in  the  opposite :  the  assumed  advantages 
are — 

1.  That  a  small  roof  may  be  more  easily  secured  than  a 
larger  one. 

2.  That  one  line  can  be  opened  first,  and  the  second 
worked  out  by  degrees,  and  at  leisure,  without  interrupting 
the  traffic  in  the  first. 

3.  That  the  cross  traffic  cannot  at  any  time  interfere,  and 
that  persons  who  may  be  accidentally  in  a  gallery  while  an 
engine  or  carriage  is  about  to  pass,  will  find  secure  refuge  in 
the  other,  or  in  the  connecting  passages. 

4.  That  the  subsequent  repairs,  &c.,  will  be  quite  safe 
from  any  interference  with  the  traffic,  which  would  then  be 
confined  to  the  line  not  under  repair. 

In  chalk,  a  material  that  is  easily  worked  and  shaped,  and 
in  rocks  like  it,  and  in  which  a  large  roof  may  be  of  doubtful 


Fig.  18. 
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Ptability,  while  a  small  one  might  be  considered  secure,  this 
system  would  be  most  applicable;  but  I  should  think  it 
objectionable  in  hard  rocks  requiring  to  be  blasted. 

A  single  tunnel  of  28  feet  wide  will  afford  as  much  useful 
accommodation  as  two  of  18  feet  wide  each. 

Suppose  the  width  of  trackway  to  be  6  feet;  then,  in 
either  case,  there  would  be  a  space  of  6  feet  between  eacli 
trackway  and  the  wall :  but  as  it  is  proposed  above  to  allow 
but  4  feet  between  the  two  trackways,  it  may  be  considered  a 
more  fair  comparison  to  calculate  each  of  the  double  galleries 
as  only  16  feet  wide. 

Tlie  comparison  of  the 
relative  laboui*  of  opening 
either  may  be  exhibited  tliuR, 
bringing  the  two  double  gal- 
leries (which  would  be  seve- 
ral feet  asunder  in  practice) 
close  together  for  the  con- 
sideration of  the  question 
(fig.  19). 

The    excavation    will    in 

quantity  be  probably  about 

Fig.  19.  the   same,  allowing   for  the 

connecting  passages  between 

the  two  smaller  ones ;  but  the  single  will  be  much  easier  to 

work  out,  because  the  space  to  work  upon  will  be  larger. 

In  the  trimming  work,  which,  after  the  first  opening  or 
driftway,  is  the  most  troublesome,  the  advantage  is  greatly 
in  favour  of  the  large  gallery  ;  as  in  the  one  case  there  is  the 
amount  of  trimming  the  lines  r,  l,  e,  and  d,  l,  e,  besides  the 
connecting  passages,  to  compare  with  i,  b,  k,  which  they  mucli 
exceed. 

The  single  gallery  wdll  also  require  but  one  driftway ;  the 
double,  two, — a  point  of  great  importance  as  regards  labour 
and  expense. 

The  single  also  gives  additional  space  and  height  at  the 
roof,  where  it  is  very  useful  as  a  receptacle  for  the  vapours 
of  steam  and  smoke. 

It  may  be  mentioned  here,  that  the  time  and  expense 
consumed  in  working  out  a  shaft  or  gallery  will  be  by  no 
means  increased  in  the  direct  proportion  of  its  size. 

One  of  reduced  dimensions  would  take  very  nearly  the 
same  time  in  excavating  as  a  larger  (unless  the  difference 
be  excessive),  and  the  expense  per  cube  yard  will  decrease 


QUARRYING    AND    BLASTING    ROCKS. 


65 


with  the  extent  of  opening, — ^the  first  or  driftway  of  a  few 
feet  in  either  case  being  by  far  the  most  costly.* 

Where  a  shaft  or  gallery  is  full  large,  there  will  be  less 
occasion  to  be  very  particular  in  trimming  the  sides,  by 
which  much  time  and  expense  will  be  saved. 

With  regard  to  the  floor  of  a  gallery,  no  particular  nicety 
is  required,  except  to  take  care  to  excavate  enough :  if  i1 
should  be  more,  it  is  of  no  consequence,  as  any  hollows 
can  be  filled  up  without  inconvenience,  whereas  in  sides 
or  roof  any  excess  of  rock  removed  may  be  troublesome 
to  remedy. 

The  only  assumed  advantage  of  the  double  gallery  worthy 
of  mention,  to  compensate  for  the  above-stated  points  of 
inferiority,  is  that  of  the  capability  of  opening  them  in 
succession,  the  second,  during  the  operation,  not  interfering 
with  the  first;  but  though  it  has  an  advantage  in  that 
respect,  still  it  is  apprehended  that  the  difficulty  of  doubling 
the  opening  of  a  single  gallery,  one  trackway  being  previously 
made  good,  would  not  be  great. 

Should  it  for  any  rea- 


son be  judged  inexpe- 
dient to  open  a  double 
line  at  once,  the  mode 
will  be  to  open  the 
driftway  1  (fig.  20),  and 
then  one  of  the  sides  2, 
and  then  3  on  the  same 
side,  leaving  the  other 
portion4  for  subsequent 
completion. 

The  half  tunnel  1,  2, 
3,  will  be  more  easy  to 
open  than  one  of  the 
double  galleries,  on  ac- 
count of  tlie  less  extent  of  nice  trimming^  &c.,  and  the  other 
half  4  will  be  far  easier  than  the  second  small  gallery. 

The  only  inconvenience  of  this  proposed  mode  will  be,  the 
danger  of  incommoding  the  first  line  of  railway  by  the  mate- 
rials from  the  subsequent  excavation ;  but  it  is  apprehended 
that  with  moderate  precautions  this  need  not  be  the  case. 

The  work  will  be  gradually  performed,  the  blasts  not  large ; 


Fig.  20. 
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•  An  example  of  the  relative  expense  of  this,  and  of  shafts,  &c.,  v/ill 
be  found  in  the  cost  of  the  tunnel  of  Drenodrohur,  page  7*3. 
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they  may  be  always  fired  immediately  after  the  passing  of  a 
train,  and  the  line  cleared  of  any  little  rubbish  before  the 
next  shall  arrive,  and  a  proper  system  of  signals  established, 
by  which  every  train  at  its  entry  may  be  assured  that  the 
line  is  clear. 

In  the  single  tunnel,  the  lower  end  of  the  shafts  will  be 
in  the  middle,  and  form  part  of  it ;  whereas  in  the  double, 
however  arranged,  the  shafts  cannot  be  so  conveniently 
placed  with  reference  to  both  galleries. 

SHAFTS. 

In  sinking  shafts,  the  work  is  much  more  disadvantageous 
than  even  in  the  galleries,  on  account  of — 

1.  The  more  limited  space. 

2.  The  more  constrained  position  of*the  workmen. 

3.  The  danger  of  anything,  even  small  articles,  falling 
down  upon  them. 

4.  The  difficulty  of  applying  any  holes  for  blasting,  but 
such  as  are  vertical,  or  nearly  so. 

5.  The  immediate  vicinity  of  the  receptacle  for  the 
drainage  water,  from  which  it  will  be  almost  impossible  to 
keep  clear. 

It  will  be  found  more  advantageous  probably  to  sink  shafts 
rather  long  and  narrow  (the  length  crossing  the  direction  of 
the  tunnel  at  right  angles),  than  circular  or  square ;  for 
instance,  16  feet  by  9  feet  may  be  better  dimensions  to  give 
a  shaft  than  12  feet  each  way,  provided  always  that  the  width 
is  ample  for  working  the  buckets  up  and  down.  By  this 
arrangement  it  will  be  easier  to  apply  transverse  bearers 
across  the  top  for  machinery  ;  the  space  for  the  workmen  will 
be  more  convenient ;  the  pipes  for  drawing  off  the  water,  for 
ventilation,  &c.,  will  be  more  out  of  the  way  at  one  end, 
while  the  buckets  for  drawing  men  and  materials,  &c.,  up 
and  down,  may  be  at  the  other. 

The  upper  surface  edge  of  each  shaft  must  be  thoroughly 
lined,  and  secured  from  the  possibility  of  anything  falling 
down  ;  tlie  buckets  and  windlass  of  perfect  description  and 
arrangement  to  prevent  such  accidents,  or  the  striking  against 
each  other  in  meeting,  &c. 

It  is  in  blasting  at  the  bottom  of  shafts  that  the  shields 
described  in  another  part  might,  it  is  conceived,  be  more 
usefully  applied  than  in  any  other  situation.  The  holes  wiU 
be  vertical,  the  blasts  small,  the  shield  always  close  at  hand, 
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and  the  great  labour  and  loss  of  time  saved  of  removing  tl.e 
workmen  to  the  top  of  the  shaft  at  each  blast. 

"When  the  shaft  is  sunk  to  the  depth  of  the  driftway  at 
the  roof  of  the  galleries,  those  driftways  may  be  at  once 
commenced  to  save  time ;  and  the  remainder  of  the  shaft 
sunk  while  the  gallery  work  is  going  on. 


EFFECTS    OF    STEATA. 

In  stratified  rocks,  the  direction  of  the  strata  in  tunnel- 
ling will  be  of  much  importance. 

The  most  favourable 
would  be  vertical,  and  at 
right  angles  with  the  di- 
rection of  the  line  of  tun- 
nel, because  when  the  drift 
A  (fig,  21)  is  carried  to 
sufficient  extent,  the  holes 
for  the  subsequent  blasts 
can  be  bored  down  the 
joints,  and  the  explosion 
made  to  act  in  the  most 
favourable  manner. 

The  same  principle  may 
be  adopted  w^here  the  strata 
may  be  inclined  upwards 
from  the  miners,  as  at  b 
(fig.    22),  but   it   will    be 


Fig.  21.— (Longitudinal  Section.) 


Fig.  22.— (Longitudinal  Section.) 
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more  difficult  to  work  with  advantage  from  the  other  end  of 
the  gallery  c ;  as,  to  follow  the  same  principle,  the  rock  will 
be  always  overhanging  the  workmen. 

If  the  strata  be  in  horizontal  beds,  it  will  be  worked 
upon  by  horizontal  boring  after  the  roof  is  entirely  cleared 
out. 

A  most  unfiwourable  direction  is  when  the  work  is  proceed- 
ing in  the  same  line  with  vertical  strata,  which  will  conse- 
quently always  present 
their  edges  in  front.  ^^^^^^^^^R    / 

In  that  case  an  open-    ^^^^^^^^^^' -^ 
ing     should    be     carried    ^^3^^^^^^  x 

dowTi  from  top  to  bottom, 

either  at  one  side  at  d    x%^%^r  /--'^^f;^ 

(fig.  23),  or  in  any  other  ^W^  ^fW'^t^\ 
part,  and  then  the  holes 
bored  down  the  strata  as 
at  A,  or  horizontally  as  at 
B;  the  whole  roof,  how- 
ever, and  opening  d,  will 
be  worked  to  much  dis- 
advantage. 

Fly.  23. 
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DRAINAGE. 

An  adequate  drain  will  be  necessary  through  the  whole 
length  of  any  tunnel. 

A  very  favourable  inclination  for  a  gallery,  as  respects 
drainage,  would  be  about  16  feet  in  a  mile  (1  in  330).* 

The  drain  will  be  larger  or  smaller  according  to  the 
quantity  of  water  which  it  may  have  to  discharge,  but  at 
1  in  330  the  fall  will  be  sufficiently  considerable  to  render  a 
very  large  drain  probably  unnecessary. 

In  working  the  ascending  galleries,  either  from  the  end  or 
from  a  shaft,  it  will  be  quite  easy  to  proceed  so  that  there 
shall  be  always  a  natural  drainage,  at  every  period,  to  the 
receptacles  from  whence  it  will  run  off,  or  be  pumped  out,  as 
the  case  may  be. 

*  Whether  for  ordinai^y  road  or  railway,  the  incline  in  a  tunnel  should 
l>e  ea.sy;  as  it  would  be  peculiarly  inconvenient  in  that  particular  part 
of  a  line  to  incur  the  ri^.k  of  a  stoppage  in  ascending,  or  of  an  accident 
in  descending. 
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But  in  each  descending  gallery  some  little  arrangemeut 
must  be  made  to  assist  it. 

When  the  descending  meets  the  ascending  gallery,  the 
whole  of  the  drainage  will  be  carried  off  by  the  latter ;  till 
then,  the  following  arrangement  will  be  better  than  carrying 
pipes  to  the  end  of  the  gallery,  as  must  be  done  if  the 
inclination  be  steep. 

Suppose  the  descending  gallery  to  be  440  yards  in  length 
before  it  is  to  meet  the  other ;  this,  at  16  feet  to  a  mile,  will 
give  a  perpendicular  difference  of  level  of  4  feet :  as  the 
gallery  will  be  from  24  to  30  feet  high,  it  is  manifest  that 
the  far  greater  portion  may  have  a  regular  natural  drainage 
out,  the  same  as  an  ascending  gallery ;  but  by  sinking  a 
small  well-hole  at  the  bottom  of  the  shaft,  of  5  or  6  feet 
deep,  from  whence  the  pump  may  draw  the  water  out,  a 
drain  may  be  cut  to  it  from  the  very  end  of  such  descending 
gallery,  as  it  progresses,  that  will  carry  off  the  water 
naturally  from  its  very  floor. 

That  drain  will  form  part  of  the  regular  longitudinal  drain 
that  must  be  made  at  all  events,  and  the  only  additional 
labour  will  be  in  excavating  the  well  in  each  shaft,  which 
also  might  at  any  rate  be  desirable. 

When  the  tunnel  or  gallery  is  to  be  horizontal,  as  it  must 
be  for  a  canal,  the  drainage  will  be  as  described  for  the 
descending  gallery. 

In  deep  sinkings,  drainage  is  sometimes  effected,  or  rather 
more  usually  assisted,  by  means  of  artesian  wells  or  bore- 
holes sunk  from  lower  levels  of  the  surface  ground,  down 
to  the  lines  of  strata  that  shall  descend  from  the  works. 
Where  the  joints  shall  not  be  too  close,  and  the  distance  not 
too  great,  the  water  will  be  drawn  from  the  works  by  this 
self-acting  drainage  down  to  the  level  of  the  top  of  the 
artesian  bore-hole  ;  or,  practically^  to  nearly  that  level. 

VENTILATION 

The  difficulty  of  working  galleries  to  any  extent  under 
ground  is  occasionally  very  great,  for  want  of  ventilation,  or 
iVom  the  presence  of  foul  air. 

The  remedies  are,  either  to  force  fresh  air  to  the  end  of 
the  work,  or  to  draw  the  foul  air  off  from  thence,  when  the 
fresh  air  will  rush  into  the  vacuum  :  the  latter  is  esteemed 
to  be  the  more  easily  effected. 

In  either  case  there  must  be  an  air-tight  tube  from  the 
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fresh  air  to  the  part  where  the  workmen  are  engaged :  and 
the  great  difficulty  must  be  to  establish  such  a  tube  perfectly 
firm  and  perfectly  air-tight. 

In  operations  on  a  small  scale,  such  as  military  miners  are 
engaged  in,  a  small  and  light  tubing  is  used,  and  the  air 
forced  in  by  a  pair  of  smith's  bellows,  or  others  of  about 
equal  power  ;  but  to  work  a  gallery  of  some  hundred  yards 
long  from  the  bottom  of  deep  shafts  will  require  tubing  more 
substantial  and  of  larger  dimensions,  with  a  continued  force 
applied  for  exhausting  the  foul  air ;  or  fresh  air  has  frequently 
been  introduced  by  a  fan- wheel. 


^:M 
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In  a  recent  number  of  the  Annates  des  Fonts  et  Chausees 
of  France,  there  is  an  account  of  a  simple  contrivance  which 
enabled  the  working  of  a  shaft  of  5  feet  diameter,  and  220 
feet  deep,  to  be  continued  after  it  had  been  interrupted  bj 
the  constant  collection  of  carbonic  acid  gas  ;  all  the  ordinary 
measures  by  bellows,  &c.,  having  proved  quite  ineffectual. 

A  large  tub  a  (fig.  24)  was  firmly  placed  on  balks  on  a 
level  with  the  top  of  the  shaft,  and  filled  with  water  to  the 
level  G,  G. 

An  air-tight  pipe  from  the  bottom  of  the  shaft  was  brought 
through  the  tub  a,  and  had  its  upper  edge  a  very  few  inches 
above  the  water;  it  had  a  valve  h  on  the  top. 

A  smaller  tub  B,  reversed,  was  suspended  within  a,  by  the 
cords  K  K,  which  were  made  fast  to  the  ends  of  the  levers  1 1. 

B  had  a  very  short  pipe  at  top,  with  a  valve  d. 

The  tub  B  being  allowed  to  descend  by  its  own  weight, 
the  air  within  it  was  expelled  through  the  opening  d  ;  when 
again  raised  by  pulling  the  handles  attached  to  the  ropes  L  l, 
the  air  was  drawn  up  through  the  opening  h,  from  the  end 
of  the  descending  tube,  and  by  continuing  this  reciprocating 
action,  a  circulation  was  created  at  the  very  bottom  of  the 
shaft. 

No  dimensions  are  given ;  but  it  is  conjectured  that  the 
lower  tub  A  would  be  about  4  feet  by  3  feet  6  inches,  and  the 
upper  one  b,  about  3  feet  by  3  feet. 

It  was  found  capable  of  drawing  off  4  cubic  yards  of  air 
per  minute. 

No  additional  men  were  employed  to  work  it ;  those  at 
the  top  of  the  shaft,  who  got  out  the  materials  from  the 
excavation,  were  only  required  to  work  this  pump  for  about 
5  minutes  every  hour,  to  keep  the  air  perfectly  good  at  the 
b(»ttom. 

It  is  in  fact  an  air-exhausting  pump  of  large  power  and 
simple  construction :  if  found  useful,  and  required  for  regular 
service,  it  might  no  doubt  be  improved,  and  made  more 
compact,  portable,  and  easy  of  application. 

Instead  of  using  a  pump  or  manual  labour  for  drawing 
the  air  from  the  ends  of  galleries,  the  upper  ends  of  the 
tubes  are  sometimes  made  to  communicate  with  a  fire  kept 
constantly  burning,  to  which  the  tubes  furnish  exclusively 
the  requisite  air. 

Improved  ventilation  is  said  to  be  obtained  by  double 
galleries  or  driftways,  with  occasional  air-holes  connecting 
them. 
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The  advantage  iu  this  respect  can  hardly  be  equal  to  tlie 
cost  of  carrying  on  the  double  opening,  if  not  necessary  lor 
other  objects. 


COST. 

No  kind  of  work  can  be  more  variable  in  its  cost  than 
tunnelling,  or  driving  galleries  :  so  much  will  depend  upon 
the  quality  of  the  rock,  the  depth  at  which  the  gallery  is 
under  ground,  the  facility  of  communication  by  more  or  less 
of  confined  galleries,  shafts,  &c.,  to  and  from  the  actual 
work, — the  amount  of  necessary  ventilation,  and  the  quantity 
of  water  to  be  drawn  off, — that  the  expense  may  vary  from 
2s.  to  £2,  and  much  more,  per  cube  yard. 

Where  the  rate  is  very  heavy,  it  will  probably  be  good 
economy  to  adopt  the  most  refined  improvements  that  will 
forward  that  portion  of  the  operation  which  peculiarly  leads 
t<"  the  extra  expense. 

The  following  is  the  result  of  the  cost  of  working  out  the 
r<yad  tunnel  of  Drenodrohur,  between  Ken  mare  and  Glen- 
gariff",  during  1836  and  1837,  in  the  county  of  Kerry,  under 
many  favourable  circumstances. 

The  piercing  of  this  tunnel,  which  was  582  feet  in  length, 
through  the  summit  ridge  of  the  mountain,  saved  an  ascent, 
of  which  the  perpendicular  height  was  from  60  to  80  feet, 
wliich,  reduced  from  a  constant  rise  of  1000  feet  on  each 
side,  was  of  much  value. 

The  rock  was  stratified,  varying  in  character  from  a 
granular  to  a  compact  silicious,  and  to  a  common  clay  slate, 
intersected  by  veins  of  quartz.  It  was  all  hard,  some  of  it 
exceedingly  so. 

The  fctrata  in  one  direction  were  nearly  vertical  to  the 
horizon,  excepting  occasional  veins  of  a  few  feet  in  thickness, 
which  were  more  inclined ;  and  in  the  other  direction,  nearly 
perpendicular  to  the  line  of  the  tunnel. 

The  rise  in  the  tunnel  was  from  both  ends,  and  at  the  rate 
of  1  in  100,  forming  a  summit  in  the  middle,  which  was 
consequently  nearly  3  feet  higher  than  the  entrance. 

The  passage,  as  commenced,  was  meant  to  be  18  feet  wide 
and  18  feet  high  ;  but  subsequently,  to  save  expense,  the 
width  of  the  roof  or  chord  of  the  arch  was  reduced  to  from 
15  to  17  feet,  and  tlie  part  below  the  arch  to  12  feet. 

The  arch  stood  perfectly  without  any  support,  although  cut 
v«ry  flat,  and  with  a  rise  or  versed  sine  of  only  2  feet. 
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The  cost  of  the  different  portions  was  as  follows  : — 

The  roof  or  arch  was  first  cut  out,  and  contained  sectional 
areas  at  different  parts  of  about  96  and  90  feet,  comprising 
an  excavation  of  about  2012  cube  yards  in  the  aggregate,  and 
cost  £6555  165.  8d.,  i^eing  at  the  rate  of  about  ds.  Qd.  per 
cube  yard. 

The  body  of  the  gallery  under  the  arch  contained  sectional 
areas  of  about  204  and  144  feet,  comprising  an  excavation 
of  about  3493  cube  yards,  and  cost  £599  1*.  lid.,  being  at 
the  rate  of  about  3^.  5ld.  per  cube  yard. 

A  small  shaft,  6  feet  by  4  feet,  was  opened  to  the  depth 
of  33  feet,  containing  about  29^  cube  yards,  and  cost 
£32  2*.  10^.,  being  at  the  rate  of  £1  1^.  lO^d.  per  cube 
"  ard.* 

The  average  cost  of  tunnel  alone  per  cube  yard  4^.  Gld. 
,  „  „  „         „       and  shaft     ...     4*.  8d. 

The  material  from  the  excavation  was  deposited  in  hollows 
near  the  entrance  at  each  end. 

The  total  cost  of  tunnel  and  shaft  £1287  1*.  5d.,  exclusive 
of  some  miners'  cottages  built,  and  a  few  such  contingencies. 


HEADS    OF   EXPENSE. 


Labour    . 

»> 
Iron    .    . 
Steel   .    . 
Gunpowder 
Safety  fuse 


Miners  and  labourers  .  . 
Smiths  (including  coals  . 
13,109  lbs.  at  Is.  7d.  per  lb. 

321  lbs.  at  Is.  per  lb.  , 
7946  lbs.  at  Is.  per  lb.  . 
1745  coils,  of  8  yards  each,  at  Is. 


£  s. 

620  9 

73  3 

92  16 

16  1 

397  6 

87  5 


£1287     1     5 


A.t  the  railway  tunnel  at  Liverpool,  the  excavation  of  the 
rock  is  stated  to  have  cost  4*.  per  cube  yard ;  the  material 
was  a  sandstone,  and,  as  it  required  to  be  lined  nearly 
throughout  with  brick-wall  and  arch,  was  not  probably 
very  hard. 

It  would  form  a  most  useful  guide  to  engineers,  if  record 
were  kept,  and  made  public,  of  all  the  particulars  of  the  actual 
experience  in  tunnelling  and  driving  galleries,  and  sinking 
shafts :  it  might  be  kept  without  difficulty,  and  be  made  to 
afford  very  useful  checks  on  the  works  during  the  operation. 

J.  F.  B. 

*  Tliis  shaft  proved  eventually  of  little  or  no  use,  and  had  better 
have  been  omitted. 


APPENDIX. 


In  the  following  Memorandum,  Major-Gen.  Sir  John 
Burgoyne  describes  the  mode  in  use  at  Marseilles  for 
enlarging  the  inner  end  of  the  hole  by  means  of  the  action 
of  acid  upon  the  calcareous  rocks  of  that  district. 

The  process  for  blasting  calcareous  rocks  at  Marseilles  ia 
extremely  simple ;  it  is  merely  to  form  a  chamber  or  maga- 
zine at  the  bottom  of  the  drift  by  means  of  dilute  acid,  so  as 
to  admit  of  a  larger  charge  of  powder  being  employed  for 
the  blast  than  is  available  in  the  ordinary  mode  of  proceeding, 
the  rock  being  of  a  calcareous  nature.  The  apparatus  was 
somewhat  rude,  but  it  appeared  to  answer  its  purpose  very 
effectually.  The  rock  was  pierced  in  the  usual  way,  by  a 
2i  inch  jumper,  to  the  depth  of  5  to  7  feet,  generally  in  a 
slanting  direction,  according  to  the  form  and  mass  of  the  rock 
to  be  detached.  They  then  introduced  a  copper  pipe,  the 
size  of  the  bore,  in  the  form  sketched  on  the  margin,  and 
pressed  the  end  a,  which  is  open,  down  to  the  bottom  of  the 
hole,  the  orifice  round  the  outside  of  the  pipe  at  b  being 
closed  up  tight  with  clay,  so  that  no  air  could  escape ;  and 
the  bent  neck  of  the  pipe  o,  which  is  open,  hanging  down- 
wards, with  reference  to  the  slope  of  the  bore.  Through 
the  copper  pipe  at  n  was  introduced  a  small  leaden  pipe,  e, 
of  about  \  inch  diameter,  formed  with  a  funnel,^,  at  the  top, 
and  this  passed  down  through  the  copper  pipe  to  within 
about  an  inch  of  the  bottom,  the  upper  orifice  of  the  copper 
tube  round  the  leaden  one  at  g  being  filled  up  with  a  packing 
of  hemp. 

Matters  being  thus  adjusted,  dilute  nitric  acid  was  poured 
through  the  funnel  and  leaden  pipe,  and,  on  arriving  at  the 
bottom  it  produced  efiervescence,  and  at  the  end  of  a  few 
minutes  the  frothy  substance  of  the  dissolved  rock  began  to 
run  out  through  the  orifice  of  the  bent  tube  at  c.  So  long  as 
they  poured  in  the  dilute  acid  aty  this  action  continued,  and, 
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whenever  they  considered  from  the  quantity 
of  substatice  delivered  through  the  pipe  that 
the  internal  chamber  had  become  of  sufficient 
magnitude  to  admit  the  quantity  of  gunpowder 
required,  the  pipes  were  withdrawn ;  the  hole 
very  soon  became  dry  enough,  from  the  very 
action  of  the  acid  upon  the  limestone,  to 
permit  the  chamber  being  charged  without 
damage  to  the  powder,  and  the  blast  was 
given  in  the  usual  way. 

The  time  occupied  would  of  course  vary 
according  to  the  size  of  chamber  required. 
The  foreman  of  the  works  informed  me  that 
he  had  succeeded  in  forming  a  chamber  capable 
of  holding  25  kilos,  of  powder  (about  55  lbs. 
English)  in  the  space  of  4  hours ;  he  showed 
an  unwillingness  to  give  me  the  proportions 
of  acid  that  he  used,  or  the  nature  of  it,  and 
I  did  not  therefore  press  my  questions,  being 
satisfied  by  the  vapour  that  it  was  nitric  acid, 
and  the  strength  of  the  mixture  must  in  all 
cases  vary  according  to  the  greater  or  less 
proportion  of  calcareous  matter  existent  in 
the  rock  to  be  acted  upon.  This  may  at  all 
times  be  determined  in  a  few  minutes  by 
experiment  upon  pieces  of  the  stone,  with 
acids  of  different  degrees  of  strength. 

They  were  blasting  very  large  masses  from 
the  foot  of  the  hill,  on  which  the  Fort  of 
jSTotre  Dame  de  la  Garde  stands,  on  the  south 
side  of  the  town,  for  the  purpose,  in  the  first 
place,  of  obtaining  sites  for  building,  and  at 
the  same  time  making  use  of  the  debris  for 
forming  the  new  port  which  is  in  progress, 
and  the  foreman  assured  me  that  this  new 
process  had  operated  a  very  large  saving  to 
the  MM.  Lerm,  Treres,  w^ho  are  the  parties 
that  have  brought  it  into  action. 

In  March,  1845,  a  patent  was  granted  to 
William  Joseph  Conrad  Marif,  Baron  de 
Liebhaber,  of  Paris,  for  "  Improvements  in 
blasting  rocks  and  other  mineral  substances 
for  mining  and  other  purposes,  and  in  ap- 
paratus to  be  used  in  such  works."  The  in- 
ventor's mode  of  enlarging  the  inner  end  of 
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the  hole  was  described  to  consist  in  dissolving  a  portion  of 
the  stone  by  means  of  muriatic  or  other  acid,  diluted  with 
about  three  times  its  weight  of  water.  A  tube  is  inserted  in 
the  hole  and  externally  sealed  round  at  the  lower  end  with 
some  composition  which  shall  prevent  the  froth  or  vapours 
from  the  acid  passing  between  the  outside  of  the  tube  and  the 
inside  of  the  hole  bored  in  the  rock.  Within  this  tube  there 
IS  a  smaller  tube,  through  which  the  acid  passed  into  the  hole. 
These  tubes  are  bent  over  at  the  top,  and  terminate  in  a 
vessel  containing  the  acid,  and  which  vessel  receives  the  froth 
that  passes  up  between  the  pipes.  The  inner  tube  is  bent 
upward  at  the  lower  end  so  as  to  prevent  the  froth  passing 
through  the  stone.  When  the  hole  is  sufficiently  enlarged, 
the  contents  of  the  hole  are  removed  by  a  siphon  or  pump 
before  drying  and  charging  with  the  powder. 

In  addition  to  the  important  facts  given  by  Gen.  Burgoyne, 
the  following  regarding  some  operations  in  blasting  in  the 
Jumna  and  at  Delhi,  conducted  by  Lieut.  Tremenheere,  may 
be  quoted  as  useful  and  interesting.  Eor  the  purpose  of 
blasting  in  order  to  improve  the  navigation  of  the  Jumna,  the 
jumpers  used  were  6  feet  long,  and  2^  inches  in  diameter ; 
the  blasts  5  feet  deep,  and  4  feet  from  each  other.  The  rate 
of  boring  varied  from  2^  to  5  feet  per  day's  work  for  2  men. 
A  double-headed  jumper  was  used,  to  render  the  hole  com- 
pletely circular  for  the  reception  of  the  canister,  about  2^  feet 
in  length,  and  2  inches  in  diameter,  and  filled  two-tliirds  with 
powder  and  the  rest  with  sand.  The  small  tube  reaching  to 
the  surface  of  the  water  contained  quick  match  with  a  piece 
of  slow  match  at  the  extremity.  The  canister,  well  greased, 
was  placed  in  the  hole  without  any  additional  tamping. 

At  Delhi,  the  blasting  was  in  dry  rock,  and,  economy  of 
powder  being  of  more  importance  than  economy  of  time, 
tamping  was  resorted  to.  For  this  a  stiff  red  clay,  slightly- 
moistened,  was  employed,  and  the  tamping  bar  was  of  wood, 
the  priming  wire  of  copper.  Any  dampness  which  might 
exist  in  the  bore  was  obviated  by  a  tube  of  coarse  paper, 
greased  on  the  outside.  Fine  mealed  powder  was  used  as 
priming,  and  a  piece  of  port-fire  for  ignition.  If  the  firing  did 
not  succeed,  a  fresh  priming  hole  was  bored  in  the  tamping, 
or  the  mine  abandoned.  In  large  irregular  masses  of  rock, 
the  depth  of  the  bore,  or  the  intervals  between  the  blasts,  will 
generally  represent  the  line  of  least  resistance;  and  the 
following  results  were  obtained  in  the  rock  at  Delhi,  which  is 
hard   quartz.     The  line  of  least  resistance   not  exceeding 
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1  foot,  a  charge  of  2  oz.  is  sufficient ;  tlie  line  not  exceediD<5 
4  feet,  and  the  rock  not  being  highly  crj^stalline,  3  oz.  per 
foot  will  be  sufficient.  The  charges  will  vary  with  the  tenacity 
of  the  rock,  but  the  following  may  be  a  general  guide : — 
the  line  of  least  resistance  being  1,  2,  3,  4,  5,  6  feet,  the 
charge  will  be  4,  8,  14,  20,  26,  36  ounces.  On  comparing 
the  charges  used  at  Delhi,  where  stiff  clay  was  used  as 
tamping,  with  those  in  the  Jumna,  where  sand  was  used,  the 
folio winor  table  is  the  result : — 


line  of  least  resistance. 

With  clay  tamping. 

Witli  san( 

2     feet     . 

. 

8 

26-8  OZ, 

2i    „        .         . 

, 

10 

33-5  „ 

3      „       -        . 

, 

12 

40-2   ,, 

4      „        .         . 

, 

20 

53-6  „ 

The  charges  in  the  last  column  are  to  those  in  the  second  as 
3  to  1,  nearly ;  they  are  not,  however,  given  as  the  least 
required,  but  are  those  actually  used.* 

In  the  neighbourhood  of  Plymouth,  the  limestone,  with 
which  that  district  abounds,  is  raised  in  solid  masses,  of  from 
3  to  10  tons'  weight :  it  is  used  most  extensively  for  building, 
and  for  lime  manure.  About  13  cubic  feet  weigh  a  ton.  It 
is  of  a  light  blue  or  grey  colour,  generally  free  from  metallic 
veins,  but  with  some  indications  of  manganese  and  ironstone, 
round  pieces  of  the  latter  being  found  in  clay  beds,  intermixed 
with  the  rock,  and  a  vein  of  ironstone  4  inches  thick  at  the 
surface  of, the  rock,  and  dipping  towards  the  south,  has  been 
opened. 

In  the  blasting  of  this  stone,  if  a  deep  hole  is  required,  a 
2-inch  jumper  or  bit  is  used  for  about  4  feet,  and  a  1|  inch 
for  the  next  4  feet  by  one  man  ;  then  two  men  are  employed 
with  a  l|-inch  to  the  depth  of  14  feet,  a  l|-inch  to  the 
depth  of  21  feet.  A  constant  supply  of  water  is  required 
during  the  boring.  The  hole  being  well  dried,  about  one- 
third  is  filled  with  powder,  say  15  lbs.;  a  needle  is  introduced 
as  far  as  possible  without  driving  it ;  the  hole  is  tamped  with 
dry  clay  to  the  top,  and  then  covered  with  a  little  wet  clay  to 
prevent  any  of  the  loose  particles  falling  in  when  the  needle 
is  withdrawn.  A  reed  filled  with  powder  and  split  at  the 
top,  to  prevent  its  falling  to  the  bottom  of  the  hole,  is  inserted, 
and  a  stone  laid  upon  it ;  the  powder  being  ignited  by  a  piece 
of  touch-paper  and  a  train,  the  reed  flies  to  the  bottom  of 

*  Report  of  Papers,  Inst.  Civ.  Engineers. 
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the  hole,  and  ignites  the  main  load.  The  rock  is  generally 
cracked  and  loosened  to  a  considerable  extent,  if  not  thrown  ; 
in  that  case  the  needle  is  driven  through  the  tamping,  and 
such  a  fresh  charge  is  run  through  the  needle-hole  as  may  be 
requisite.  From  6  to  8  tons  of  rock  are  generally  blasted 
with  1  cwt.  of  powder.  In  July  last,  however,  it  was  reported 
that  with  one  charge  of  1  cwt.  of  powder,  in  a  hole  18  feet 
deep,  no  less  than  1000  tons  of  the  limestone  rock,  destined 
for  the  Plymouth  Breakwater,  were  detached  from  their  bed. 
We  cannot  answer  for  the  entire  truth  of  this  report;  but 
it  is  well  known  that,  since  the  Breakwater  quarries  were 
opened  in  1811,  a  great  augmentation  has  been  effected  in 
the  produce  of  the  blasting  there  carried  on. 

In  blasting  the  white  limestone  of  the  Antrim  coast,  in  the 
north  of  Ireland,  it  was  found  that  one  ounce  of  powder  would 
rend  1412  cubic  feet  of  the  stone,  when  in  blocks ;  but  the 
same  quantity  rent  only  11*75  cubic  feet  of  loose  whinstone 
blocks.  The  specific  gravity  of  the  white  limestone  is  nearly 
2'76,  of  the  whinstone  or  basalt  about  3  20.  The  limestone 
is  similar  to  the  chalk  of  England,  in  the  flints  which  it  con- 
tains ;  but  it  is  exceedingly  indurated.  The  induration  may 
be  estimated  from  the  fact  that  two  men  will  bore  one  foot 
in  depth  in  half-an-hour,  with  jumpers  from  If  to  2  inches 
in  diameter. 

The  following  account  of  the  method  pursued  in  getting 
the  valuable  granites  of  Scotland  is  written  by  a  gentleman 
of  extensive  practical  knowledge  of  the  subject. 

The  granite  quarries  of  Aberdeen  and  Peterhead,  in  the 
north  of  Scotland,  are  comparatively  inexhaustible,  and  the 
granite  which  they  yield  of  excellent  quality.  The  manner 
of  extracting  the  rock  in  these  quarries  is  by  boring,  and 
blasting  it  with  gunpowder.  In  this  process  the  quarry-men 
use  the  ordinary  "jumpers,"  having  a  piece  of  steel  welded 
to  one  end,  and  made  with  an  edge  similar  to  that  of  a  stone- 
cutter's chisel,  but  much  more  obtuse.  They  are  also  made 
of  diiferent  lengths — the  long  ones  to  follow  the  short,  as 
the  boring  proceeds.  Three  men  are  employed  in  this  depart- 
ment of  the  work — one  sitting  on  the  rock  and  turning  the 
"jumper"  round,  while  the  other  two  strike  alternately  with 
hammers,  each  of  which  is  about  12  lbs.  weight.  These 
bores  are  sometimes  from  12  to  16,  and  often  18  feet  deep, 
by  about  2^  inches  in  diameter;  and,  when  charged  and 
fired,  they  generally  loosen  a  very  great  quantity  of  rock,  but 
seldom  do  much  more  than  merely  move  it.     "Bulling"  ia 
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tben  liad  recourse  to,  and  this  consists  of  filling  all  the 
perpendicular  cracks  or  fissures,  caused  by  the  former  opera- 
tion, with  gunpowder,  and  firing  it ;  by  which  means  the 
rock  is  shifted  several  inches  from  its  bed,  and  often  thrown 
some  yards  forward.  The  next  process  is  to  cut  up  the  rock 
into  the  required  scantlings,  and  this  is  done  in  the  following 
manner: — A  number  of  holes  are  cut  in  a  straight  line, 
about  3  inches  long,  2  deep,  and  3  inches  apart,  each  tapering 
towards  the  bottom,  into  which  iron  wedges  are  inserted,  and 
struck  with  a  heavy  iron  hammer,  beginning  at  one  end  of 
the  row  and  striking  them  from  end  to  end  until  the  block 
gives  way. 

Cutting  with  "  Plug  and  Feather  "  is  also  had  recourse  to 
when  the  block  intended  to  be  split  is  very  deep  and  sup- 
posed to  be  beyond  the  power  of  the  ordinary  wedges.  In 
this  case  a  row  of  circular  holes,  about  li  inch  in  diameter, 
5  or  6  inches  deep,  and  6  inches  apart,  are  bored  with  a 
"jumper;"  into  each  of  these  are  put  two  "feathers"  at 
opposite  sides.  (The  "feathers,"  when  in  position,  are 
merely  inverted  wedges,  having  circular  backs,  so  as  to  fit  to 
the  curvature  of  the  holes,  the  opposite  sides  being  plain,  to 
receive  the  wedges.)  Between  these  "  feathers  "  long  wedges 
are  then  introduced,  and  driven,  as  in  the  former  case,  until 
the  block  is  split  asunder. 

In  the  Seventh  Volume  of  the  Professional  Papers  of  the 
Corps  of  Eoyal  Engineers,*  Capt.  Nelson,  E.E.,  has  re- 
corded some  interesting  and  useful  memoranda  on  the  quar- 
rying of  the  Plymouth  limestone ;  from  which  paper  some 
facts  may  be  well  quoted.  This  limestone  is  described  as 
fine-grained  and  hard,  abounding  in  organic  remains,  and 
varying  in  colour  from  light  to  dark  grey.  The  tools  used  in 
these  quarries  consist  of — the  "jumper,"  or  "  bit,"  from  8  to 
30  feet  in  length,  and  from  1  to  2|  inches  in  width  ; — the 
"  pitching  bar,"  from  6  to  8  feet  long  ; — the  "tamping  bar," 
which  is  I"  inch  diameter  for  1^  inch  bit; — the  "needle," 
which  is  from  3  to  13  feet  in  length  ; — and  the  "  ripping  "  or 
"  crow  bar,"  from  6  to  14  feet  long,  and  from  2^  to  3  inches 
square  at  the  lower  end.  In  addition  to  these  the  "  feather 
and  tear.ers  "  consist  of  a  wedge  about  6  inches  long,  1  or 
li  inch  square  at  one  end  and  i  inch  square  at  the  other 
end,  and  two  thin  wedges  having  one  flat  face  and  the  other 
segmental ;  so  that  the  central  "feather  "  with  two  "  tearers," 
one  on  each  side,  serve  to  fill  pretty  well  a  round  hole  in  the 
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stone.  The  quarry-carts  are  short  and  very  stoutly  built, 
lined  with  strips  2|  x  i^  inch  flat  iron  ;  they  carry  from  1^ 
to  li  tons — they  are  4  feet  long,  3  feet  6  inches  wide  at  the 
hind  end,  and  3  feet  4  inches  in  front ;  the  sides  about  1  foot 
G  inches  high,  and  the  front  much  higher ;  they  cost  about 
15 Z.  each,  and,  with  repairs,  will  last  nine  years.  The  navi- 
gator-barrows, which  are  of  the  common  pattern  with  wooden 
wheel,  cost  lO*.  6d.  In  the  quarry,  where  they  are  used  all 
day,  and  loaded  and  worked  quietly,  they  are  entirely  of 
wood;  but  at  the  wharf,  where  the  work  is  shorter  and 
sharper,  a  body  of  plate  iron  is  used  on  a  wooden  carriage. 
Iron  carriages  for  the  barrows  would  be  more  economical, 
but  too  heavy  for  the  quarry-men.  Iron  wheels  are  considered 
too  destructive  to  the  planks.  The  barrows  last  from  three 
to  five  months,  according  to  the  work,  and  without  repairs. 
The  planks,  which  are  of  yellow  pine,  and  in  the  quarry 
generally  about  25  feet  by  14  inches  by  2-^  inches,  hooped 
and  bolted,  cost  4^^.  per  superficial  foot.  At  the  wharf  the 
planks  used  are  longer,  broader,  and  thicker ;  they  last  about 
six  months.  The  "jumpers"  cost  5d.  per  lb.  For  the  re- 
moval of  heavy  stones  the  "  devil  cart "  is  used  ;  this  consists 
of  a  pair  of  large  and  strong  wheels  with  a  stout  and  well- 
braced  axle,  to  which  a  long  central  pole  is  fixed  ;  the  front 
and  lower  end  of  which  is  carried  upon  a  small  wheel  or 
roller.  To  this  cart  the  heavy  stones  are  slung  by  double 
chains,  one  of  which  is  attached  to  the  hinder  side  of  the 
axle,  and  the  other  to  the  pole  as  near  to  the  axle  as  may  be 
necessary,  according  to  the  dimensions  of  the  stone  carried. 
The  quarry  screw-jack  is  an  implement  of  great  power,  re- 
sembling the  ordinary  tool  of  that  name,  but  having  a  more 
extensive  series  of  gearing  within  ;  the  winch  is  on  a  pinion 
of  four  teeth  working  a  wheel  of  fourteen  ;  on  this  is  another 
pinion  of  four  teeth,  working  a  wheel  of  eighteen,  on  which  is 
a  three-teethed  pinion  or  triple  stud  engaged  with  the  vertical 
ratchet. 

Capt.  Nelson's  memoranda  refer  to  three  quarries  in  the 
neighbourhood  of  Plymouth,  in  the  two  first  of  which  the 
limestone  is  chiefly  raised  in  blocks  of  from  i  to  1  cwt., 
either  to  be  burned  on  the  spot  for  lime,  or  shipped  for 
different  places  in  the  neighbourhood  for  that  purpose. 
The  stone  is  likewise  -wTOught  for  curb-stones  and  paving 
slabs,  but  cannot  be  got  in  masses  large  enough  for  wharf 
ashlar.  In  the  third  quarry  the  stone  is  raised  in  the  largest 
blocks  with  heavy  charges,  and  used  for  breakwaters  and 
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wharf  ashlar.  The  largest  block  known  to  have  been  raised 
in  this  quarry  weighed  about  200  tons ;  and  so  variable  are 
the  effects  of  blasting,  that,  on  one  occasion,  upwards  of 
1000  tons  were  detached  by  a  charge  of  100  lbs.  of  powder 
in  a  30  feet  hole.  It  is  usually  considered  that,  well  stratified 
as  the  rock  in  this  quarry  is,  where  the  mass  to  be  raised  is 
not  jammed  at  the  sides,  and  where  the  beds  dip  to  the  front 
of  the  quarry,  a  quarter  of  a  pound  of  powder  per  ton  will 
dislodge  the  block  sufficiently. 

In  quarry  No.  1,  one  man  raises  5  tons  per  day,  besides 
loading  and  unloading  the  cart,  and  removing  the  rubbish 
produced  50  yards.  Wages  (in  1839  ?)  155.  per  week,  on 
piece  work.  In  jumping,  16  feet,  in  four  4-feet  holes,  is 
considered  a  good  day's  work.  Powder  used,  about  4  lbs.  for 
16  tons  ;  one-fourth  of  the  hole  filled  with  the  charge. 

In  quarry  No.  2,  one  man  in  one  day  (10  hours  net  time) 
will  put  down  20  feet  with  l^-inch  bit,  or  15  feet  with  2-inch 
bit ;  depth  of  the  charge  from  one-third  to  one-half  that  of 
the  hole  ;  half  a  pound  of  powder  allowed  per  cubic  yard  of 
solid  rock.  A  man  will  turn  out  and  break  up  for  rubble 
stone  4  tons,  or  56  cubic  feet  per  day ;  or  6  tons  without 
breaking.  When  thus  broken  into  pieces  of  from  i  to  f  cwt. 
each,  and  delivered  at  the  kiln  (close  to  the  quarry),  he  will 
break  it  up  for  burning  at  one  load  of  16  tons,  or  224  cubic 
feet  per  day. 

In  quarry  No.  3,  20  feet  of  l^  to  1^-inch  bit  is  reckoned 
a  good  day's  work,  although  one  man  puts  down  30  feet, 
which  is  very  unusual ;  in  deep  holes,  one  man  is  employed 
for  the  first  6  feet,  two  for  the  next  10 ;  and,  after  16  feet, 
three  men,  provided  the  hole  is  not  more  than  10°  or  12°  out 
of  the  perpendicular ;  if  it  is,  even  five  or  six  men  are  put 
on  after  the  first  15  feet.  In  such  holes,  it  is  usual  to 
commence  with  a  2i-inch  bit,  and  end  with  about  If  inch. 
In  a  30  feet  hole,  2i  inch  in  diameter,  25  lbs.  of  powder  are 
used  for  the  first  charge.  If  this  does  not  succeed,  it  wiD, 
at  all  events,  probably  disturb  the  beds  beneath  sufficiently 
to  allow  space  for  the  repetition  of  the  blast,  perhaps  three 
or  four  times  over,  increasing  somewhat  every  time  before 
the  final  charge  is  introduced;  as  the  block,  if  not  well 
detached  on  all  sides  first,  will  be  destroyed  by  the  premature 
application  of  the  full  charge. 

SLATE    QITAEETING. 

In  order  to  understand  the  peculiar  methods  adopted  in 
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slate  quarrying,  it  is  necessary  to  refer  to  the  distinguishing 
geological  feature  of  the  slate  formation.  Slate,  besides 
being  divided  by  fissures  which  form  beds  and  joints  to  the 
masses,  as  is  the  case  with  all  stratified  materials,  is  divisible 
into  laminae  or  plates  of  any  required  thickness,  the  direction 
of  which  laminae  is  commonly  vertical,  or  nearly  so,  but 
always  oblique  to,  and  never  coincident  with,  either  the  beds 
or  joints.  This  peculiarity  of  structure  affords  the  means  of 
splitting  the  slate  and  adapting  it  so  suitably  to  the  extensive 
purposes  for  which  it  is  employed  in  great  Britain,  and,  at 
the  same  time,  determines  the  most  convenient  manner  of 
quarrying  to  be  by  detaching  the  masses  of  slate  vertically 
from  the  face  of  a  trench  or  gullet.  The  cutting  of  this 
gullet  into  the  side  of  the  slate  mountain  is,  therefore,  the 
first  operation  in  the  working  of  the  quarry.  As  the  trench 
proceeds,  and  the  height  of  the  surface  above  becomes 
greater  than  convenient  (say  about  40  feet),  a  second  trench 
is  commenced  above  the  other,  and  similarly  carried  onward 
into  the  mountain  until  the  height  above  reaches  a  similar 
quantity,  when  a  third  trench  is  commenced,  and  so  on.  In 
the  great  slate  quarries  of  Bangor,*  sixteen  of  these  stages 
are  in  progress  together;  the  lower  ones  being  gradually 
widened,  by  the  getting  of  the  slates,  as  the  upper  ones  are 
advanced.  In  the  upper  part  of  the  quarry,  the  slates  are 
removed  with  crow-bars ;  but  the  slates  become  harder  as 
they  are  lower  from  the  surface,  and  require  the  use  of  gun- 
powder to  detach  the  main  masses.  The  miners  engaged  in 
drilling  the  holes  for  the  powder  are  suspended  by  ropes  from, 
the  upper  parts  of  the  rock,  and  are  liable  to  many  and 
severe  accidents.  After  the  slates  are  detached  by  powder 
or  otherwise,  they  consume  considerable  labour  in  splitting 
them  with  wedges  and  mallets  into  marketable  sizes,  and 
reducing  them  to  the  several  sizes  required  for  roofing  and 
other  purposes.  The  means  of  communication  between  the 
several  stages  or  levels  (each  of  which  in  the  Bangor  quarry 

*  These  quarries  are  about  six  miles  south-east  of  Bangor,  and  are 
worked  in  the  mountain  called  in  Welsh  Y  Bron,  a  name  signifying  a 
breast  or  pap,  and  commonly  given  to  any  hill  the  contour  of  which  haa 
a  flowing  outline,  free  from  abruptness.  This  mountain,  Y  Bron,  is  on 
the  side  of  a  deep  valley,  through  which  the  river  Ogwen  flows  towards 
Lavan  Sands,  where  it  falls  into  the  sea  nearly  opposite  Beaumaris.  An 
interesting  paper  on  those  quarries,  to  which  we  are  indebted  in 
preparing  this  notice,  is  contained  in  the  Quarterly  Papers  on 
Engineering,  vol.  iii.,  part  5.— (Weak,  1845.) 
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is  about  40  feet  high,  or  nearly  640  feet  from  bottom  to  top) 
are  provided  by  self-acting  inclined  planes,  of  great  extent, 
laid  from  each  stage  to  the  contiguous  stages.  On  these 
planes  rails  are  laid  to  facilitate  the  motion  of  the  trucks  in 
which  the  slate  is  conveyed.  At  the  head  of  each  plane,  a 
drum  and  break-wheel  are  fixed  to  regulate  the  velocity  of 
the  descent  of  the  loaded  trucks  towards  the  level  below. 
From  the  quarry  at  Bangor  the  slates  are  conveyed  upon  a 
railway  to  the  shipping-port,  a  distance  of  about  seven  miles. 
On  the  several  stages  long  ranges  of  sheds  are  erected  for 
the  men  employed  in  cutting  and  shaping  the  slates.  The 
slates  for  roofing  are  merely  split  to  the  required  thickness 
with  long  iron  wedges,  and  then  trimmed  with  the  cutting 
knife,  by  being  placed  on  a  fixed  steel  edge. 

The  dykes  of  greenstone,  with  which  slate  rocks  are  fre- 
quently traversed,  are  found  to  injure  the  slate,  and  destroy 
the  cleavage  of  its  structure  for  a  considerable  breadth. 
These  dykes  are  usually  removed  by  blasting,  and  form  a 
very  expensive  impediment  to  the  operations  of  the  slate- 
miner. 

At  the  Bangor  quarries,  about  1000  men  are  commonly 
employed,  and  the  profits  are  understood  to  amount  to  about 
£80,000  per  annum. 

Some  of  the  slate  quarries  of  France  are  worked  by  sub- 
terranean galleries.  In  those  of  Bimogne  the  main  gallery 
is  about  400  feet  long,  with  several  lateral  galleries,  200  feet 
in  length,  on  each  side  of  the  main  gallery.  These  galleries 
are  about  60  feet  high,  and  contain  about  40  feet  in  height 
of  good  slate,  the  remainder  consisting  of  quartz,  or  being 
injured  by  contact  with  volcanic  substances. 

At  Angers,  in  France,  are  other  slate  quarries,  worked  in 
open  cuttings,  and  which  affbrd  blocks,  of  which  most  of  the 
houses  of  that  town  are  built.  In  the  German  States 
there  are  several  slate  quarries :  at  Eisleben,  in  Saxony ;  at 
Ilmenau ;  Mansfield,  in  Thuringia ;  and  at  Pappenheim,  in 
Franconia.  Switzerland  is  said  to  possess  no  slate,  except  in 
the  valley  of  Sernst,  in  the  Canton  of  Glaris.  Italy  ha* 
only  one  quarry,  that  at  Lavagna,  in  Genoa,  the  slate  from 
which  is  used  for  lining  the  cisterns  in  which  olive  oil  is 
kept.* 

*  (Papers  on  Engineering,  voL  iii.,  part  5.)  The  application  of 
islate  here  stated  in  the  text  is  a  good  proof  of  the  close  texture  and 
comparative  impermeability  of  slate.  M.  Vialet  states  that  he  is  able 
to  double  the  natural  hardiiees  of  this  material  by  baking  it  iu  a  biick 
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Fiailfa   MINES   BY   VOLTAIC    ELECTEICITT. 

The  removal  of  a  large  mass  of  the  chalk  cliffs  near  Dover 
for  the  works  of  the  South-Eastern  Eailway  Company,  by  a 
grand  blasting  operation  effected  by  three  mines,  simul- 
taneously fired  by  electrical  communication,  was  a  work  of 
such  surpassing  magnitude,  and  so  completely  successful  in 
its  results,  that  a  brief  account  of  the  arrangements  made 
and  effects  produced  may  be  suitably  introduced  in  an 
Appendix  to  the  valuable  treatise  of  Sir  J.  F.  Burgoyne. 
We  have  at  the  same  time  the  greater  pleasure  and  greater 
facility  in  doing  this,  because  the  operations  have  been  so 
well  described  by  the  able  officer  under  whose  experience 
they  were  conducted,*  and  from  whose  description  the 
following  notice  has  been  abridged. 

The  E/Ound  Down  Cliff  is  situated  2  miles  W.  of  Dover. 
Its  summit  is  about  380  feet  above  high-water  mark,  and 
70  feet  above  that  of  the  Shakspeare  Cliff,  which  is  |-  of  a 
mile  nearer  to  the  town.  It  is  composed  of  a  compact  chalk, 
principally  without  flints,  forming  the  lower  bed  of  the  chalk 
formation.  The  dip  inclines  from  W.  to  E.  about  40  feet  in 
a  mile.  The  base  jutted  out  to  seaward  considerably  beyond 
the  general  line  of  cliff  to  the  westward,  under  and  along 
which  (from  the  Abbott's  Cliff  Tunnel  towards  Folkestone) 
a  distance  of  2  miles  of  the  South-Eastern  Railway  is  passed 
on  an  open  embankment,  defended  by  a  substantial  retaining 
wall  of  concrete.  The  Shakspeare  Tunnel  (which  forms  tlie 
portion  of  the  same  line  nearest  to  Dover)  had  been  for 
some  time  Completed,  and  its  mouth  or  entrance  from 
Folkestone  is  about  400  feet  eastward  of  the  central  part  of 
the  base  of  Round  Down.  This  intervening  point,  of  about 
300  feet  in  length,  was  therefore  to  be  passed  either  by  a 
tunnel  or  an  open  cutting :  the  former  had  been  commenced, 
nnd  the  preliminary  driftway  formed  on  the  upper  level,  when 
heavy  slips  occurring  on  either  side,  which  partially  extended 
to  the  cLff  in  question,  materially  impaired  its  stability :  the 

kiln  till  it  assumes  a  red  colour.  Subject  to  the  severe  test  of  Brard'a 
process  (boiling  in  sulphate  of  soda),  slate  is  found  to  betray  no 
symptoms  of  decomposition. 

*  Account  of  the  Demolition  and  Removal  by  Blasting  of  a  portion  of 
the  Round  Down  Clifi",  near  Dover,  in  January,  1843.  By  Lieut.  Hut- 
chinson, R.E.  Prof.  Papers  of  Royal  Eugiueeits,  vol.  vi.  p>  188. — ( Wtale.) 
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idea  of  tunnelling  was  therefore  abandoned,  and  it  was 
determined  to  remove  this  point  by  blasting,  and  to  continue 
the  open  railway  and  sea  wall  up  to  the  mouth  of  the 
Shakspeare  Tunnel.  Tor  this  purpose  the  principle  adopted 
was  to  employ  large  charges,  placed  a  little  above  the 
intended  level  of  the  railway,  which,  by  blowing  out  the  base 
of  the  cliff  in  their  front,  would  cause  the  downfall  of  the 
superincumbent  mass.  The  result  fully  justified  the  adoptiou 
of  this  method. 

The  experience  gained  in  the  many  and  extensive  mining 
operations  on  this  line  of  railway  led  to  the  adoption  of  a 
charge  in  lbs.,  bearing  the  proportion  of  -^j  of  the  cube  of 
the  line  of  least  resistance  in  feet,  corresponding  with  the 
rule  laid  down  by  Sir  J.  F,  Burgoyne,  and  which  had  been 
found  sufficient  for  the  works  at  Dover  for  blasts  with 
charges  varying  from  500  to  1200  lbs.  This  calculation  was 
therefore  adopted  in  the  present  instance,  and,  as  the  length 
of  face  to  be  removed  was  great  (300  feet)  three  charges 
were  used,  one  in  the  centre  at  the  back  of  the  salient  point, 
the  others  at  the  distance  of  70  feet  on  either  side.  From 
careful  measurements  the  lines  of  least  resistance  were  found 
to  be — 

Centre         ...       72  feet  to  face  of  cliff. 
East  and  west      .         .       56  ditto         ditto. 

By  calculation  the  quantity  of  powder  required  for  the  centre 
chamber  was  found  to  be  6750  lbs.,  which  was  increased  to 
7500,  to  provide  against  contingencies.  Tor  each  of  the  two 
end  chambers  an  allowance  of  5500  lbs.  was  made,  and  thus 
the  total  quantity  of  powder  became  7500  +  5500  +  5500  = 
18,500  lbs.,  or  about  8i  tons.  The  preliminary  driftway 
already  mentioned  was  used  for  excavating  to  the  chambers, 
being  about  4  feet  wide  and  5  feet  6  inches  high ;  but,  being 
cut  on  the  upper  level  of  the  intended  tunnel,  it  became 
necessary  to  sink  shafts  a  depth  of  17  feet  to  reach  the  lower 
level  of  the  chambers  3  feet  above  that  of  the  railway.  These 
shafts  were  formed  as  truncated  cones,  5  feet  diameter  at 
bottom,  and  3  feet  at  top,  thus  affording  additional  security 
for  the  retention  of  the  tamping.  At  the  bottom  of  these 
shafts,  galleries  5  feet  6  inches  high  were  cut  at  right  angles 
to  the  driftway,  and  continued  to  the  points  determined  for 
the  chambers.  These  branches  also  were  made  of  a  dove- 
tailed form,  2  feet  wide  at  the  shaft,  and  4  feet  6  inches  at 
the  other  extremity,  to  assist  in  securing  the  tamping.    The 
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chambers  were  excavated  at  right  angles  to  the  galleries,  and 
of  the  following  dimensions,  viz.: — 

Centre  chamber   .    13  ft.  by  5  ft.  6  in.  high,  by  4  ft.  6  in. 
Two  ends  of  do.    .    10  ft.  by  5  ft.  6  in.  high,  by  4  ft. 

The  voltaic  batteries  consisted  of  fifty-four  of  Danieli's 
cylinders,  being  eighteen  for  each  mine.  These  cylinders 
were  made  of  sheet  copper,  32  oz.  to  the  superficial  foot, 

1  foot  10  inches  long,  and  S^  inches  diam.eter,  placed  in  sets 
of  six  each,  each  set  in  a  deal  box  1  foot  4  inches  by  1  foot, 
by  1  foot  9  inches  high,  with  a  lid  4  inches  deep.  The 
zinc  rods  were  1  foot  8  inches  long,  and  f  inch  diameter. 
These  batteries  differ  from  the  common  plate-battery  also  in 
employing  two  liquids  separated  by  a  partition  of  animal 
membrane,  or  plaster  of  Paris.  The  liquid  into  which  the 
zinc  rod  is  plunged  is  sulphuric  acid  diluted  with  eight  times 
its  quantity  of  water.  The  liquid  on  the  outside  of  the  par- 
tition is  a  saturated  solution  of  sulphate  of  copper. 

Besides  the  eighteen  Danieli's  cylinders,  two  plate-bat- 
teries were  applied  for  each  mine  in  order  to  guard  against 
the  injury  which  it  appeared  Danieli's  apparatus  was  liable 
to  by  the  low  temperature  of  the  season.  In  these  plate- 
batteries  the  solution  was  weaker,  being  only  1  of  the  acid  to 
12  water.    The  plate-batteries  were  contained  in  boxes  3  feet 

2  inches  by  12  inches  and  8  inches  deep,  of  1  inch  deal,  and 
each  divided  into  20  cells  1^  inch  wide,  by  partitions  of 
I  inch  deal,  the  cells  being  coated  with  a  waterproof  com- 
position of  spirits  of  wine  and  sealing-wax.  The  20  pairs  of 
plates  forming  the  series,  each  composed  of  a  zinc  plate 

1  inch  thick,  in  a  rectangular  case  of  copper  10  inches  long, 
1|  inch  wide,  and  8  inches  deep,  without  top  or  bottom, 
were  united  by  stout  copper  wire  attached  to  the  zinc  plate 
of  one  pair  and  the  copper  plate  of  the  adjoining  pair. 

For  the  purpose  of  firing,  it  was  determined  to  use  three 
sets  of  wires  and  three  separate  batteries.  The  total  length 
of  wire  required  was  thus  6000  feet,  being  2000  for  each 
mine,  and  |  inch  diameter.  The  wires  were  coated  Avith  a 
composition  of  pitch  8  to  bees'-wax  1,  and  tallow  1,  and 
covered  with  a  coarse  cotton  tape,  bound  round  while  the 
composition  was  hot.  The  two  wires  thus  prepared  were 
insulated  by  being  laid  One  on  each  side  of  a  1^  inch  rope, 
and  overlaid  by  a  stout  packthread  turned  once  round  each 
wire  at  every  coii.     The  whole  was  then  bound  over  with 

2  yarn-spun  yarn,  and  finally  coated  with  the  same  compo- 
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sition  of  pitcli,  wax,  and  tallow.  One  man  with  a  labourer 
prepared  this  wire  at  the  rate  of  6  feet  per  hour. 

The  cartridges  or  bursting  charges  were  made  9  inches 
long  and  2  inches  in  diameter,  the  top  and  bottom  being 
secured  by  cork  bungs.  The  priming  wires,  -j'^  ^^  ^^  ^^^^ 
in  diameter,  projected  1  foot  6  inches  beyond  the  top.  They 
were  passed  through  a  slip  of  wood  li  inch  square  and 
^  inch  thick,  inserted  at  the  centre  of  the  tube,  and  their 
ends  clenched  on  a  circular  plate  If  inches  diameter,  lying 
over  the  lower  cork  bung.  The  platinum  wire  was  fixed 
half-way  between  the  two.  The  powder,  which  was  of  the 
finest  sporting  quality,  was  poured  in  from  the  top.  The 
upper  bung,  being  in  halves,  one-half  was  removed  for  this 
purpose,  and  refixed  when  the  tube  was  filled :  the  top  and 
bottom  were  then  coated  with  a  waterproof  composition. 
Two  of  these  cartridges,  after  being  tested  by  the  galvano- 
meter, were  attached  to  each  of  the  conducting  wires,  the 
wires  being  perfectly  insulated,  and  covered  with  spun  yarn. 
The  cartridges  were  extended  to  a  distance  of  3  feet  apart, 
and  buried  in  the  centre  tier  of  loose  powder  in  the  box. 
The  wires  were  then  carried  from  the  chambers  along  grooves 
cut  in  the  sides  of  the  galleries,  shafts,  and  driftway,  and 
covered  with  wooden  troughs. 

For  the  tamping,  a  dry  wall  was  built  in  chalk  across  the 
end  of  each  chamber,  and  the  galleries  and  shafts  were  after- 
wards fiUed  in  with  the  same  material,  which  was  extended 
in  the  driftway  to  10  feet  on  each  side  of  the  top  of  the 
shafts.  The  tamping  occupied  about  twenty  hours  with  four 
men  to  each  mine. 

For  containing  the  charges  of  powder,  the  deal  cases  were 
constructed  within  the  chambers  of  the  following  dimen- 
sions : — 

Boxes.— Centre  11  ft.  by  4  ft.  3  in.  by  3  ft.  6  in. 
Ends  10  ft.  by  2  ft.  8  in.  by  3  ft.  3  in. 

The  powder  was  deposited  in  the  boxes,  in  bags  holding 
50  lbs.  each ;  the  tiers  above  the  centre  were  placed  with 
their  mouths  downwards,  those  below  it  with  their  moutha 
upwards. 

The  circuit  being  completed  at  each  battery  by  pre- 
arranged words  of  command,  the  mines  were  fired  simulta- 
neously on  the  26th  January,  1843,  at  2*20  p.m.  The  ignition 
was  followed  by  a  deep  hollow  sound,  and  the  efiect  was 
described  to  resemble  the  appearance  of  the  fall,  or  rather 
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flowing,  of  lava  from  tlie  side  of  a  mountain,  assuming  a 
gently  undulating  wave-like  motion,  as  the  mass  slid  along 
the  bottom  and  into  the  sea.  The  mass  fell  exactly  as  had 
been  desired,  and  the  quantity  removed  was  estimated  at 
more  than  400,000  cubic  yards,  being  a  parallel  mass  or  slice 
from  the  inclined  face  of  the  cliff,  and  averaging  380  feet  in 
height  by  80  feet  in  thickness,  and  360  feet  in  length  of  face. 
The  operation  thus  successfully  conducted  and  completed, 
without  the  slightest  accident,  saved  about  7000Z.  to  the 
South-Eastern  Bailway  Company,  and  reflects  the  highest 
credit  upon  Lieut.  Hutchinson,  Messrs.  Cubitt,  Wright,  and 
Hodges,  and  all  other  parties  concerned. 


PART  II. 
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To  the  architect  and  the  engineer,  alike,  is  a  knowledge  of 
the  materials  which  he  has  to  employ,  or  to  deal  with,  of 
supreme  importance.  And,  were  it  w^orth  while  to  inquire 
the  rank  which  each  class  of  materials  occupies  in  the  scale  of 
professional  consideration,  we  should  start  upon  the  fact  that 
those  substances  which,  for  their  substantial  properties  and 
enduring  character,  are  selected  as  the  foundations  and  the 
exposed  external  parts  of  our  buildings  and  structures,  claim 
our  first  and  most  attentive  examination.  Frequently,  in- 
deed, local  circumstances  will  define  the  limits  within  which 
the  selection  must  be  made ;  but  there  are  few,  if  there  are 
any,  cases  in  which  the  designer  is  altogether  denied  the 
privilege  of  selection  ;  while  in  many  instances  an  acquaint- 
ance with  the  materials  at  his  disposal  will  open  a  wide  field 
for  the  exercise  of  his  judgment  in  aiming  at  current  economy 
and  permanent  preservation. 

In  the  few  pages  left  to  us  in  the  present  volume,  we  pro- 
pose to  follow  up  the  account  given  of  the  methods  of  getting 
or  quarrying  stones,  &c.,  by  describing  the  several  properties 
of  the  leading  classes  of  those  materials  which  fit  them  for 
the  purposes  of  construction,  and  which  should  lead  to  the 
adoption  of  one  or  other  of  them,  according  to  the  service 
they  may  be  required  for. 

Without  attempting  to  observe  the  classification  laid  down 
by  geologists,  we  propose  to  treat  of  stones  under  the  four 
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general  divisions  of  Granites,  Slates,  Limestones,  and  Sand- 
stones, including  under  each  of  these  general  heads  such 
constituents  or  subordinate  combinations  of  each  as  may- 
appear  essential  to  be  noticed  in  this  rudimentary  outline 
of  a  really  extensive  and  highly  important  department  of 
practical  science. 

GEA.NITE. 

This  rock,  which  appears  to  have  originally  been  a  fiised 
mass,  and  subsequently  to  have  undergone  the  process  of 
crystallisation,  is  of  a  granular  structure,  that  is,  consisting 
of  separate  grains  of  different  substances,  united,  apparently, 
without  the  aid  of  any  intermediate  matter  or  cement.  These 
substances  are  quartz,  felspar,  and  mica,  each  of  these  being 
a  compound.  The  infinite  variety  of  proportions  in  which 
these  several  constituent  elements  are  united  in  the  mass, 
occasions  the  great  diversities  of  colour  and  appearance  of 
the  several  kinds  of  granite,  and  also  affects  in  a  much  more 
important  manner  the  enduring  characteristics  of  this  valu- 
able material.  Thus  its  colour  varies  from  light  grey  to  a 
dark  tint  closely  approaching  black,  and  is  to  be  found  of  all 
shades  of  red,  and  many  green.  Of  the  constituents  of 
granite,  quartz  is  a  substance  of  a  glassy  appearance,  and  of 
a  grey  colour,  and  is  composed  of  a  metallic  base  silicium 
and  oxygen  :  felspar  is  also  a  crystalline  substance,  but  com- 
monly opaque,  of  a  yellowish  or  pink  colour,  composed  of 
silicious  and  aluminous  matter,  with  a  small  proportion  of 
lime  and  potash ;  mica,  a  glittering  substance,  principally 
consists  of  clay  and  flint,  with  a  little  magnesia  and  oxide  of 
iron.  Instead  of  the  mica,  another  substance,  called  horn- 
llende,  is  found  in  some  granites :  hornblende  is  a  dark  crys- 
talline substance,  composed  of  flint,  alumina,  and  magnesia, 
besides  a  large  proportion  of  the  black  oxide  of  iron.  Granites 
in  which  hornblende  exists  are  sometimes  called  Syenite, 
having  been  first  found  in  the  island  of  Syene,  in  Egypt.  A 
similar  rock  is  found  in  Scotland,  in  Aberdeen,  and  in  the 
Isle  of  Arran. 

Granite  is  found  in  mountain- chains,  and  usually  in  rugged 
outlines,  in  nearly  all  parts  of  Europe.  In  the  Pyrenees 
it  is  found  in  masses  of  piles  or  columns.  In  Germany  it 
forms  the  material  of  those  famed  scenes  of  supernatural 
tradition,  the  Brocken  and  the  Hartz  Mountains.  Granite 
forms  the  bold  ridges  of  Switzerland  and  the  Savoy.  In 
England,    this    valuable   rock    occurs    in    Devonshire   and 
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Cornwall,  also  in  North  Wales,  Anglesea,  the  Malvern  Hills 
in  Worcestershire,  Charnwood  Forest  in  Leicestershire,  and 
in  Cumberland  and  Westmorland.  Granite  rises  near  the 
foot  of  Skiddaw  in  Cumberland,  and  there  are  masses  of  it 
on  the  banks  of  Ulswater.  It  is  found  in  the  mountains  of 
Armagh  and  Wicklow  in  Ireland;  and  Mr.  Bakewell  supposes 
that  the  same  formation  of  this  rock,  which  occurs  on  the 
western  side  of  England,  is  continued  under  the  Irish  Channel, 
or,  if  interrupted,  it  rises  again  in  the  Isle  of  Man,  and  in 
the  counties  of  Dublin  and  Wicklow  in  Ireland.  Granite 
blocks  are  found  in  the  beds  of  some  of  the  rivers  in  the 
north-west  parts  of  Yorkshire,  and  in  clay  pits  in  Cheshire 
and  Lancashire,  at  great  distances  from  any  quarries  where 
the  stone  is  obtainable.  Most  of  the  granite  met  with  in 
Charnwood  Forest  is  of  the  kind  called  Sienite,  and  already 
described.  A  continuation  of  the  same  description  of  rock 
appears  upon  the  surface,  near  Bedworth,  in  Warwickshire. 

In  the  granite  of  Cornwall  the  felspar  is  usually  white,  but 
in  the  Scotch  granite  it  is  commonly  red.  Among  the 
celebrated  works  of  which  granite  forms  the  material,  may 
be  named  the  monuments  of  Ancient  Egypt  and  of  Thebes, 
the  celebrated  block  used  as  a  pedestal  for  the  statue  of  Peter 
the  Great  in  St.  Petersburgh,  the  columns  in  the  church  of 
the  Casan  in  the  same  city  ;  and  in  England  the  columns  in 
the  King's  library  in  the  Museum,  and  the  bridges  of 
London,  &c.,  &c. 

Although  aU  granites  are  similar  in  structure,  the  difference 
in  the  proportions  of  its  constituent  substances  occasions 
great  difference  in  its  enduring  and  useful  properties.  Some 
varieties  are  exceedingly  friable,  and  liable  to  decomposition, 
while  others,  including  that  known  as  Sienite,  suffer  but 
imperceptibly  from  moisture  and  the  atmosphere.  Some 
remarks  upon  the  properties  of  a  Sienite,  the  "  Herm 
Granite  "  of  Guernsey,  published  in  the  first  volume  of  the 
Transactions  of  the  Institution  of  Civil  Engineers,  may  be 
here  usefully  quoted : — 

"  The  Herm  granite,  as  compared  with  Peterhead,  and 
Moorstone  from  Devon  or  Cornwall,  is  a  highly  crystallised 
intermixture  of  felspar,  quartz,  and  hornblende,  with  a  small 
quantity  of  black  mica,  the  first  of  these  ingredients  hard  ^ 
and  sometimes  transparent  in  a  greater  degree  than  that 
found  in  other  British  granites, — the  contact  of  the  other 
substances  perfect.  It  resists  the  eftect  of  exposure  to  air, 
and  does  not  easily  disintegrate  from  the  mass  when  mica 
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does  not  prevail ;  but,  as  this  last  is  usually  scarce  in  Q-uernsey 
granites,  the  mass  is  not  deteriorated  by  its  presence  as 
in  the  Brittany  granites,  where  it  abounds,  decomposes, 
stains,  and  pervades  the  felspar,  and  finally  destroys  the 
adhesion  of  the  component  parts  : — vide  the  interior  columns 
of  St.  Peter's  Port  church  (Guernsey),  which  is  built  of  it, 
for  an  instance.  The  quartz  is  in  a  smaller  quantity,  and 
somewhat  darker  than  the  felspar  in  colour :  the  grains  are 
not  large,  but  uniformly  mixed  with  the  other  ingredients, 
The  hornblende,  which  appears  to  supply  the  place  of  mica, 
is  hard  and  crystallised  in  small  prisms,  rarely  accompanied 
by  chlorite :  its  dark  colour  gives  the  grayish  tone  to  thia 
granite,  or  when  abundant  forms  the  blue  granite  of  the  Yale 
parish.  This  substance  is  essentially  superior  to  mica  in  the 
formation  and  durability  of  granites  for  strength  and  re- 
sistance ;  consequently  its  presence  occasions  more  labour  in 
working  or  facing  the  block,  and  its  specific  gravity  is 
increased.  The  mica  is  inferior  in  quantity  to  the  hornblende, 
and  usually  dispersed  in  small  flakes  in  the  mass  ; — it  may, 
with  chlorite,  be  considered  rare." 

"  The  compact  nature  of  a  close-grained  granite,  such  as 
the  Yale  and  Herm  stone,  having  the  felspar  highly  crystal- 
lised and  free  from  stained  cracks,  seems  well  calculated  to 
resist  the  efiect  of  air  and  water.  When  the  exterior  bruised 
surface  of  a  block  has  been  blown  off,  it  is  better  disposed  to 
resist  decay ; — if  the  surface  blocks  of  the  island  are  now 
examined  after  the  lapse  of  ages,  it  will  be  found  to  have 
resisted  the  gradual  disintegration  of  time  in  a  superif. 
degree,  when  compared  with  lar^e  grained  or  porphyritic 
granite  ;  when  exposed  to  water  and  air,  there  is  no  change 
beyond  the  polish  resulting  from  friction  of  the  elements. 
Among  the  symptoms  of  decay,  disintegration  prevails 
generally  among  granites,  usually  commencing  with  the 
decomposition  of  the  mica ;  its  exfoliating  deranges  the 
cohesion  of  the  grains,  and  it  may  be  considered  then  to  be 
the  more  frequent  mode  of  decay." 

"  The  churches  of  the  Yale  and  St.  Sampson  (Guernsey), 
although  much  of  the  materials  are  Prench  and  Alderney, 
bear  many  proofs  of  the  above  remarks  :  these  erections  date 
A.D.  1100 — 1150,  The  ancient  buildings  of  decided  Herm 
and  Yale  stone  must  be  sought  for  among  the  old  houses  in 
the  northern  parishes  of  Guernsey,  where  they  not  only 
encounter  the  effect  of  air  and  water  (rain),  but  the  sea  air 
and  burning  rays  of  the  sun.     Disintegration  alone  appears 
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going  on  by  slow  degrees,  but  in  no  case  affecting  the  interior 
of  the  stone,  and  so  gradual  and  general  as  not  to  deface  the 
building  materially ;  indeed,  the  oldest  proofs  taken  from 
door-posts,  lintels,  and  arches,  have  scarcely  lost  their  original 
sharpness  or  sculpture.  The  pier  of  St.  Peter's  Port  and 
bridge  of  St.  Sampson's  may  also  be  mentioned. 

"  The  shore  rocks  in  like  manner  do  not  show  any  material 
change  of  surface  by  wearing  ;  where  the  force  of  the  tide  is 
strongest,  a  slight  smoothness  alone  may  be  observed  on  the 
exterior,  and  in  many  instances  each  substance  possesses 
this  polish  without  heing  levelled  down  to  a  face.^^ 

"  Yale  stone  on  the  northern  point  of  Guernsey  produces  a 
finer  grained  Sienite  than  Herm,  more  hornblende  in  it,  and 
specific  gravity  greater.  The  Herm  is  somewhat  larger 
grained,  but  equally  good  for  every  erection  where  durability 
is  the  chief  point.  The  Cat-av^roque  stone  in  the  western 
part  of  Gruernsey  must  be  considered  of  a  different  structure 
to  the  above :  it  is  a  fair  and  good  stone,  and  appears  to  last 
well ;  its  schistose  texture  must  ally  it  to  the  gneiss  series. 
In  colour  it  is  much  the  same  as  the  blue  granites,  the  felspar 
is  brilliant  and  the  hornblende  prisms  are  well  defined ;  there 
is  more  chlorite  in  it,  and  it  is  easier  to  work." 

Prom  the  same  volume,  the  following  interesting  results  of 
experiments  upon  the  relative  wear  of  seven  different  kinds  of 
granite  and  one  whinstone  are  extracted,  as  peculiarly 
valuable  in  the  choice  of  materials  which  will  be  exposed 
to  similarly  destructive  forces. 


*'  Table  skomng  the  result  of  Experiments  made  under  the  direction  of 
Mr.  Walker,  on  the  Wear  of  different  Stones  in  the  Tramway  on  the 
Commercial  Road,  London,  from  21ih  Ma/rch,  1830,  to  l^th  August, 
1831,  heing  a -period  of  seventeen  months. 


Name  of  stone. 

Sup. 
area  in 

Original  weight. 

Loss  of 
weight 

Loss 
per  sup. 

Relative 

feet. 

by  wear. 

foot. 

cwt.  qrs. 

lbs. 

lbs. 

lbs. 

Guernsey    

4-734 

7     1 

12-75 

4-50 

0-951 

1-000 

Herm  

5-250 

7    3 

24-25 

5-50 

1-048 

1-102  ] 

Budle  

6-336 

9     0 

50-75 

7-75 

1-223 

1-286 

Peterhead  (blue)   ... 

3-484 

4     1 

7-50 

6-25 

1-795 

1-887 

Heytor    

4-313 

6    0 

15-25 

8-25 

1-915 

2-014 

Aberdeen  (red)  

6-375 

7     2 

11-50 

11-50 

2-139 

2-249 

Dartmoor    

4-500 

6     2 

25-00 

12-50 

2-778 

2-921 

Aberdeen  (blue) 

4-823 

6     2 

16-00 

14-75 

3-058 

3-216 
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"  The  Commercial  Eoad  stoneway,  on  which  these  experi- 
ments were  made,  consists  of  two  parallel  lines  of  rectangular 
tramstones,  18  inches  wide  by  a  foot  deep,  and  jointed  to  each 
other  endwise,  for  the  wheels  to  travel  on,  with  a  common 
street  pavement  between  for  the  horses.  The  tramstones 
subjected  to  experiment  were  laid  in  the  gateway  of  the 
Limehouse  turnpike,  so  as  of  necessity  to  be  exposed  to  all 
the  heavy  traffic /row  the  East  and  West  India  Docks.  A 
similar  set  of  experiments  had  previously  been  made  in  the 
same  place,  but  for  a  shorter  period  (little  more  than  four 
months),  with,  however,  not  very  different  results,  as  the 
following  figures,  corresponding  with  the  column  of  "  relative 
losses,'^  in  the  foregoing  table  will  show. 

« Guernsey  .  .  1-000  Peterhead  (blue)  1-715 
Budle  .  .  .  1-040  Aberdeen  (red)  .  2-413 
Herm    .     .     .     1-156         Aberdeen  (blue)   2-821 

All  the  above  stones  are  granites  except  the  Budle,  which  is 
a  species  of  whin  from  Northumberland,  and  they  were  all 
new  pieces  in  each  series  of  experiments." 

The  relative  hardness,  or  resistance  to  crushing,  of  the 
several  kinds  of  granite  in  common  use,  is  exhibited  in  the 
following  Table  of  Experiments  made  with  an  hydi'ostatic 
press  on  specimens  of  the  sizes  stated  in  the  Table. 

These  experiments  were  made  with  a  12-inch  press,  the 
^Dump  one  inch  diameter,  and  the  lever  10  to  1 ; — the  me- 
chanical advantage  therefore  144  X  10  =  1440  to  1.  The 
weights  on  the  lever  were  added  by  7  lbs.  at  a  time  ; — each 
addition  therefore  equivalent  to  1440  X  7  =  10,080  lbs.  or 
4i  tons. 

In  consequence  of  the  smallness  of  the  specimens,  the 
press  was  filled  with  blocks  to  the  required  height,  and  with 
these  the  surplus  effect  of  the  lever  was  4|-  lbs.  at  10  to  1, 
which  strictly  should  be  added  to  the  pressure ;  but,  as  the 
friction  of  the  apparatus  is  equal  to  the  eflect  of  the  lever,  it 
is  dispensed  with  in  the  calculation. 

The  column  containing  the  pressure  per  square  inch 
required  to  produce  a  fracture  gives  the  true  value  of  the 
stone,  as  the  weight  that  does  so  would  possibly  completely 
destroy  the  stone  if  allowed  to  remain  on  for  a  length  of 
time.  It  should  also  be  observed  that,  from  the  exceedingly 
short  time  allowed  for  the  experiments,  the  results  ai'e 
pix)bably  too  high. 
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The  method  pursued  in  quarrying  the  Peterhead  granite 
has  been  already  described  at  page  78. 

Some  experiments  upon  the  granites  of  Ireland  were 
reported  to  the  Geological  Society  of  Dublin,  in  January, 
1844.  These  experiments  were  instituted  to  show  (among 
other  results)  the  weight  of  water  which  the  stones  would 
imbibe  when  immersed  in  water.  The  size  of  the  stones 
immersed  was  14  inches  long  and  3  inches  square.  They 
were  placed  on  their  ends  in  16  inches  of  water,  and  were 
uniformly  immersed  for  88  hours,  having  been  brought  to  a 
dry  state  before  immersion  by  being  kept  some  time  in  a 
room  at  the  ordinary  temperature  of  domestic  apartments. 
They  were  carefully  weighed  before  and  after  the  immersion. 
The  average  weight  of  several  specimens  of  the  stones  was 
170  lbs.  per  cubic  foot :  the  maximum  being  176,  and  the 
minimum  143  lbs.  The  Newrj  and  Kingston  granites 
absorbed  a  quarter  of  a  pound  of  water  to  the  cubic  foot ;  the 
Carlow,  from  1^  to  2  lbs. ;  and  the  Glenties,  from  Donegal 
(between  granite  and  gneiss),  4  lbs. 

Serpentine  and  Porphyry  are  sometimes  classed  as  varieties 
of  granite ;  but  more  properly  as  distinct  rocks  of  the  same 
primary  character  as  granite.  Serpentine  is  a  valuable 
material  for  the  ornamental  purposes  of  architecture,  being 
distinguished  by  its  variety  and  richness  of  colours ;  these 
are  generally  light  and  dark  green  of  various  shades,  inter- 
mixed in  spots  or  clouds,  resembling  the  spots  on  the  skins 
of  serpents  (whence  its  name).  Some  varieties  of  this  rock 
have  also  a  red  colour ;  others  are  found  having  an  inter- 
mixture of  crystalline  white  marble,  and  these  are  known  aa 
verde  antique,  highly  valued  for  sculpture  of  ornamental 
character.  Some  kinds  of  serpentine  are  crystalline,  and  are 
called  Schiller  spar  or  diallage.  In  some  of  these  rocks, 
magnesia  exists  in  the  proportion  of  48  per  cent. 

Serpentine  is  found  in  Cornwall  with  a  micaceous  rock 
overlying  the  granite,  and  forms  part  of  the  promontory 
called  the  Lizard  Point ;  it  also  occurs  in  the  same  county, 
near  Liskeard.  It  is  not  met  with  elsewhere  in  England  ; 
but  in  Anglesea  beautiful  varieties  of  the  red  and  green- 
coloured  are  found  in  beds  of  considerable  thickness, 
associated  with  the  common  slate  rocks  of  the  district.  The 
lixture  of  serpentine  with  talc  or  steatite  becomes  soft,  and 
)rms  the  substance  Qd^edt.  potstone,  which  resists  fire,  and  is 
ised  in  Switzerland,  Lombardy,  and  Egypt,  for  culinary  and 
)ther  purposes. 
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SLATE. 

In  treating  of  slate  as  a  material  of  common  utility  to  the 
builder,  it  will  be  scarcely  necessary  to  do  more  than  enume- 
rate the  several  varieties  which  are  known  under  the  general 
term  slate,  but  distinguished  one  from  another,  and  from  the 
slate  of  general  utility,  by  a  peculiar  prefix.  Thus,  the 
geologist  recognises  mica  slate,  talcous  slate,  flinty  slate,  and 
common,  or  clay  slate.  Of  these,  the  last  only  is  a  material 
of  extended  use  in  the  arts  of  building  and  construction.  Of 
the  others,  the  first,  or  mica  slate,  is  a  compound  of  quartz 
and  mica,  with  sometimes  a  little  felspar.  The  several 
varieties  of  this  rock  are  dependent  on  the  proportion  ot 
mica  contained  in  each,  and  on  the  comparative  fineness  or 
coarseness  of  the  constituent  particles.  If  the  felspar  abound, 
the  compound  passes  into  a  form  of  rock  known  as  gneiss ; 
and  if  the  mica  exist  in  only  small  proportion,  the  Diaterial 
assumes  the  form  of  quartz  rock.  The  talcous  slates  are 
distinguished  by  their  green  colour,  and  contain  a  large 
proportion  of  magnesia.  One  variety  of  this  kind  of  slate 
contains  particles  of  quartz,  and  is  sometimes  used  for  hones, 
under  the  name  of  whetstone  slate.  The  third  variety  on  our 
list,  flinty  slate,  contains  a  larger  proportion  of  flinty  or 
silicious  matter,  and  assimilates  to  the  scaly  structure  of 
flint.  Possessing  the  silicious  earth,  but  not  the  scaly  kind 
of  formation,  this  slate  passes  into  a  rock  known  as  hornstone 
by  us,  and  as  petro-silex  by  the  French.  If  it  contains 
felspar  in  crystals,  it  is  distinguished  as  hornstone  porphyry. 
All  of  these  varieties  of  slate  are  found  alternating  with  each 
other  in  the  same  rocks  in  North  Wales,  and  in  the  Cham- 
wood  Forest,  Leicestershire.  The  common  or  clay  slate 
abounds  in  the  most  rocky  districts,  and  is  found  lying  upon 
granite,  gneiss,  or  mica  slate.  The  several  varieties  of 
character — from  the  extreme  crystalline  to  the  extreme 
earthy — are  found  occupying  positions  in  regular  order, 
from  the  primary  towards  the  transition  rocks.  Clay  slate, 
as  its  name  implies,  consists  chiefly  of  clay  in  an  indurated 
condition,  and  occasionally  containing  particles  of  mica  and 
quartz ;  and,  in  some  of  the  coarser  kinds,  grains  of  felspar 
and  other  fragments  of  the  primary  rocks.  In  the  extreme 
admixture  of  these  foreign  substances,  clay-slate  approaches* 
the  nature  of  the  rock  known  as  greywacke.  Tlie  beds  of 
clay-slate  are  invariably  stratified,  the  thickness  of  the  strata, 
however,  varying  from  a  fraction  of  an  inch  to  many  feet. 
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Its  laminar  texture  admits  of  a  ready  separation  into  thin 
plates,  and  thus  endows  it  with  a  supreme  value  for  roofing 
and  other  purposes,  in  which  great  density  and  comparative 
impermeability  are  required  to  coexist  with  a  minimum 
thickness  and  weight.  In  our  preceding  pages,  we  have 
quoted  a  highly  interesting  description  of  the  method 
pursued  in  quarrying  this  invaluable  material.  We  may 
here  add  that,  besides  the  immense  quarries  which  are 
worked,  as  there  described,  at  Bangor,  in  North  Wales,  slate 
is  also  procured  from  the  counties  of  AVestmoreland,  Tork, 
Leicester,  Cornwall,  and  Devon,  and  that  Scotland  is  supplied 
with  this  useful  material  from  Balahulish  and  Easdale. 

In  Ireland  slate  quarries  are  worked  to  a  considerable 
extent  at  Killaloe,  Yalentia,  a;nd  in  Wicklow  County ;  the 
slates  from  the  latter  of  which  are  said  to  resemble  those 
from  Bangor  in  quality  and  extreme  tenacity,  and  can  be 
raised  in  blocks  30  feet  long,  4  or  5  feet  wide,  and  from  6  to 
12  inches  in  thickness.  The  weight  of  slates  varies  from 
174  to  179  lb.  per  cubic  foot ;  the  average  weight  of  several 
specimens  being  177  lb.  When  immersed  in  water  in  the 
manner  already  described  for  granite  (page  95),  the  clay- 
roofing  slate  absorbed  less  than  a  quarter  of  a  pound 
of  water;  while  a  softer  quality  of  clay  slate,  from  the 
neighbourhood  of  Bantry,  absorbed  nearly  2  lb. 

SANDSTONES. 

These  rocks,  belonging,  geologically,  to  various  positions 
in  the  order  of  the  strata  of  which  the  exterior  of  the  earth 
is  composed,  and  sometimes  alternating  with  the  variety  of 
limestones,  are  widely  distributed,  or  rather  frequently  met 
with,  superficially,  in  exploring  the  surface  of  our  island. 

The  vast  accumulation  of  beds,  known  as  forming  the 
Silurian  System,  and  of  which  sandstone  is  the  principal 
member,  is  found  to  extend,  with  some  interruptions,  from 
Carmarthenshire  and  Eadnor shire,  in  the  west,  to  Dudley  in 
Staffordshire,  in  the  central  part  of  England.  At  the  western 
boundaries  of  this  system  the  sandstone  is  known  as  Llandillo 
flagstones  ;  it  occurs  also  at  Caer-Caradock  in  Shropshire,  and 
is  there  and  elsewhere  known  as  Caradock  sandstone.  Some 
varieties  of  this  stone  are  found  to  contain  a  large  proportion 
of  lime,  occasionally  in  the  form  of  sheUs,  and  are  hencs 
sometimes  called  shelly  limestones  and  sandy  limestones. 

Sandstones  are  principally  silicious,  and  possess  various 
af^grees  of   induration.     The  chemical   analysis  of   sevenl 
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specimens  of  sandstone  from  four  quarries,  viz.,  Craigleith, 
iu  Edinburghshire ; — Darley  Dale,  in  Derbyshire ;  Heddon, 
in  Northumberland,  and  Kenton,  in  the  same  county,  givea 
their  average  constituents  thus : — 

Silica       .         .  .         .         .         .         .95  725 

Carbonate  of  lime  .....       1065 

Iron  alumina  .  .         .         .         .         .2-150 

Water  and  loss  .  .         .         .         .     .       1060 

100-000 

The  average  weight  of  these  four  kinds  of  stone  was  found 
to  be  142  lb.  7  oz.  per  cubic  foot.  Adopting  the  same  high 
authority  from  which  these  analyses  are  derived,  viz.,  the 
scientific  Commission  appointed  to  visit  quarries  and  examine 
the  qualities  of  stones  to  be  used  in  building  the  New  Houses 
of  Parliament,  the  composition  of  these  four  kinds  of  sand- 
stone appears  to  be  as  follows : — Craigleith :  Fine  quartz 
grains  with  a  silicious  cement,  slightly  calcareous  ;  occasional 
j)lates  of  mica ;  colour,  whitish  gray. — Darley  Dale :  Quartz 
grains  of  moderate  size  and  decomposed  felspar,  with  an 
argillo-silicious  cement ;  ferruginous  spots,  and  plates  of 
mica  ;  colour,  light  ferruginous  brown. — Heddon :  Coarse 
quartz  grains,  and  decomposed  felspar,  with  an  argillo- 
silicious  cement;  ferruginous  spots;  colour,  light  brown 
ochre. — Kenton :  Fine  quartz  grains  with  an  argillo-silicious 
and  ferruginous  cement ;  mica  in  planes  of  beds ;  colour, 
light  ferruginous  brown. 

From  the  nature  of  the  composition  of  sandstones,  (of 
which  the  above  four  are  described  as  average  specimens,)  it 
results  that  their  resistance  against,  or  yielding  to,  the 
decomposing  effects  to  which  they  are  subjected,  depends  to 
a  great  extent,  if  not  wholly,  upon  the  nature  of  the  cementing 
substance  by  which  the  grains  are  united  ;  these  latter  being 
:?omparatively  indestructible.  From  the  nature  of  their 
formation,  sandstones  are  usually  laminated,  and  more  espe- 
cially so  when  mica  is  present,  the  plates  of  which  are 
generally  arranged  in  planes  parallel  to  their  beds.  Stones 
of  this  description  should  be  carefully  placed  in  constructions, 
so  that  these  planes  of  lamination  may  be  horizontal,  for  if 
placed  vertically,  the  action  of  decomposition  will  occur  iu 
flakes,  according  to  the  thickness  of  the  lamina?.  Indeed  the 
best  way  of  using  all  descriptions  of  stone  is  in  the  same 
oosition  which  they  had  in  the  quarry,  but  this  becomes  a 
really  im])erative  rule  with  those  of  laminated   structure. 
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Uniformity  of  colour  is  a  tolerably  correct  criterion  of  uni- 
formity of  structure,  and  this  constitutes,  other  circumstances 
being  equal,  one  of  the  practical  excellencies  of  building 
stones.  The  great  injury  occasioned  to  these  materials  by 
their  absorption  of  moisture,  leads  properly  to  a  preference 
for  such  stones  as  resist  its  introduction,  for  all  above-ground 
purposes.  Those  which  imbibe  and  retain  moisture  are  espe- 
cially liable  to  disruption  by  frost  if  exposed.  The  simplest 
method  of  ascertaining  the  disposition  of  a  stone  to  imbibe 
moisture  is  to  immerse  it  for  a  lengthened  period  in  water,  and 
to  compare  the  weight  of  it  before  and  after  such  immersion. 

A  method  recently  introduced  of  determining  the  suscepti- 
bility of  a  stone  to  injury  by  frost,  is  to  dip  the  stone  in  a 
solution  of  some  salt,  and  then  suspend  it  for  several  days 
over  the  solution,  repeating  the  process  several  times,  so  as 
to, allow  the  salt  to  crystallise  on  the  surface  of  the  stone. 
If  the  stone  can  resist  frost  the  solution  will  remain  free 
from  sand  or  fragments  of  stone,  but  if  otherwise,  the  edges 
of  the  stone  will  be  found  deposited  in  the  vessel  beneath. 

As  examples  of  the  durability  of  sandstone  in  buildings, 
the  following  may  be  instanced : — Ecclestone  Abbey,  built 
in  the  thirteenth  century,  near  Barnard  Castle,  Durham,  in 
which  the  minute  ornaments  and  mouldings  remain  still  in 
excellent  condition.  The  circular  keep  of  Barnard  Castle 
(L4th  century),  is  also  in  fine  preservation.  Tintern  Abbey 
(13th  century),  built  of  red  and  grey  sandstones  of  the 
vicinity,  is  for  the  most  part  in  perfect  condition.  A¥hitby 
Abbey  (13th  century),  is  built  of  stone  similar  to  that  in 
the  vicinity,  and  is  generally  in  good  condition,  excepting 
the  west  front,  which  is  very  much  decomposed.  The  stone 
used  is  of  two  colours,  brov/n  and  white,  of  which  the  latter 
is  uniformly  in  the  best  preservation.  The  enrichments  on 
the  east  front  are  all  in  good  condition.  Of  Eipon  Cathedral, 
the  west  front,  the  transepts  and  tower,  were  built  in  the 
12th  and  13th  centuries  of  a  coarse  sandstone  of  the  vicinity, 
and  remain  in  very  fair  condition.  E/ivaulx  Abbey,  built  in 
the  12th  century,  of  a  sandstone  one  mile  from  the  ruins,  is 
generally  in  excellent  condition.  The  west  front  is  slightly 
decomposed,  but  the  south  front  is  remarkably  perfect,  even 
to  the  preservation  of  the  original  tool-marks. 

Experiments  upon  several  sandstones  to  ascertain  the 
force  required  to  crush  them,  performed  with  the  hydrostatic 
press,  as  already  described  of  the  specimens  of  granite 
(page  93)  gave  the  following  results — 

v2 


100 


STONES    USED    IN    BUILDING. 


Is 

I 


1    " 

?c2-  . 

00 

-<* 

t^ 

CO 

CO 

t 

t,    ">    y 

«  t.  a 

3 

o» 

9» 

0 

p 

If 

5S.- 

H 

« 

(?» 

C-1 

*"* 

, 

. 

. 

. 

It 

ill 

1 

C<I  t^ 

<M  <M 

»o*» 

(M  0 

1— •  r-t 

!^ 

3li 

g 

0  \n 

kO  CO 

0  W3 

ko  0 

0  i> 

o  '^'o 

0 

(M  0» 

00  CO 

00  CO 

■^  CO 

1 

^4 

H 

r-t 

51- 

CO 

0 

*- 

0 

05 

0 

?> 

00 

'-? 

0 

5 

E-t 

C<l 

-^ 

'^ 

'^ 

2^ 

'U 

§■■08 

S 

'      '      ^ 

'      "      ' 

2£ 
£2 

n 
0 

»0  QO 

(>»  CO 

0  »^ 

0  0 

III 

OS  t;- 

0  ep 

P  p 

-  d 

a. 

sii 

i 

0  kO 

0  10 

0  0 

00           i 

0  «-3 

0 

Ah  <i) 

cb  4-t 

C<I  ji 

-0  CO 

^■2| 

H 

00  t- 

CO  CO 

*~T*» 

CO  CO         1 

CO 

f 

0) 

1^1 

a 

J 

1— t 

»p  »p 

t 

& 

t^  ^- 

kO  »o 

CO  CO 

CO  CO 

s  1 

M 

(M  <M 

<M  (M 

00  CO 

CO  CO 

aD 

;^S" 

CO  CO 

CO  CO 

J 

0 

X    X 

X    X 

X    X 

X    X 

g 

1— t 

Wi  kO 

10  10 

CO   CO 

CO  CO 

a 

1 

X    X 

X    X 

X    X 

X    X 

Q 

.3 

-«»-ie« 

>A 

»0  kO 

kO  10 

CO  CO 

CO  CO 

1 

c 

tsi 

00  W5 

0  CO 

0  CO 

0  (N 

^-gj 

0 

r-l 

T-t 

I-t  I-t 

33 

0    rJ'S 

^ 

®  aj 

jO 

(N  CM 

r-i  r-i 

JlJ  ^ 

I— 1  I-( 

CO  >o 

<— ,— ' 

"—IT-' 

» 

^       . 

. 

Sk 

? 

>5 

I; 

• 

0 

l 

2? 

:§ 

s 

SI 

^ 

9 

3 

^ 

0 

a 

1 


STONES    USED    IN    BUILDING. 


101 


LIMESTONES. 

The  class  of  limestones,  including  the  magnesian  lime- 
stones and  the  oolites,  is  one  of  extreme  importance  in  the 
building  arts,  comprehending  some  of  the  most  advantageous 
materials  of  construction,  and  combining  great  comparative 
durability  with  peculiar  facilities  for  working,  in  which  they 
surpass  the  sandstones  ;  as  those  do  the  rocks  of  a  primary 
and  unstratified  character.  Of  the  limestones  and  the  oolites, 
the  principal  material  is  carbonate  of  lime.  The  magnesian 
limestones  contain  a  quantity  of  carbonate  of  magnesia,  in 
some  cases  nearly  equal  to  that  of  the  carbonate  of  lime. 
The  analyses  of  four  varieties  of  oolites  and  three  limestones 
are  given  below.  The  oolites  were  from  Ancaster  in  Lincoln- 
shire ;  from  Bath ;  from  Portland,  Dorsetshire ;  and  from 
Ketton  in  Rutlandshire.  The  three  limestones  were  from 
Barnack,  Northamptonshire  ;  Chilmark,  Wiltshire,  and  Ham 
Hill  in  Somersetshire. 


Oolites.                                    1 

Ancaster.  !       Bath. 

Portland. 

Ketton. 

Silica 

Carbonate  of  lime     .  . 
Carbonate  of  magnesia 
Iron  alumina        .     . 
Water  and  loss .... 

93-59 
2-90 

•80 
2-71 

94-52 
2-50 
1-20 
1-78 

1-20 

95-lG 

1-20 

•50 

1^94 

92-17 

4-10 

•90 

2-83 

Limestones.                        | 

Bai  nac 

Chilmark. 

Ham  Hill. 

93-4 
38 
1-3 
1-5 

10-4 

790 

3-7 

2-0 

4-2 

4-7 
79-3 
5-2 
8-3 
2-5 

Carbonate  of  lime 

Carbonate  of  magnesia  .     .     . 

Iron  alumina 

Water  and  loss 

All  of  these  stones  contain  a  slight  trace  of  bitumen  in 
their  composition.  The  weiglits  of  the  several  kinds  are  as 
follow  : — Of  the  oolites,  the  Ancaster  stone,  139  lb.  4  oz. 
per  cubic  foot.— Bath,  123  lb.— Portland,  top  bed,   135  lb., 
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best  or  lower  bed,  147  lb.,  meau,  say  141  lb. — Ketton; 
128  lb.  5  oz.  Of  the  three  limestones,  the  weights  are, 
Barnack,  136  pounds,  12  oz. — Chilmark,  153  lb.  7  oz. ;  and 
Ham  Hill,  141  lb.  12  oz.  The  composition  of  these  stones 
is  described  as  follows  : — First,  Oolites. — Ancaster  :  fine 
oolitic  grains,  cemented  by  compact  and  often  crystalline 
carbonate  of  lime ;  colour,  cream. — Bath  :  chiefly  carbonate 
of  lime  in  moderately  fine  oolitic  grains,  with  fragments  of 
shells.  The  weather  bed  of  the  quarry  is  generally  used  for 
plinths,  strings,  cornices,  etc. ;  the  corn  grit  for  dressings ; 
the  scallet,  which  is  the  finest  in  grain,  is  used  for  ashlar. 
Eight  quarries  are  opened  on  the  Box  escarpment,  many  of 
them  of  great  antiquity.  The  colour  is  that  of  cream. — 
Portland :  oolitic  carbonate  of  lime,  with  fragments  of 
shells ;  colour,  whitish  brown. — Ketton :  oolitic  grains  of 
moderate  size,  slightly  cemented  by  carbonate  of  lime ; 
colour,  dark  cream.  Secondly,  Limestones. — Barnack: 
carbonate  of  lime,  compact  and  oolitic,  with  shells,  often  in 
fragments ;  coarsely  laminated  in  planes  of  beds  ;  colour, 
light  whitish  brown.  This  stone  is  used  for  troughs  and 
cisterns,  and  is  perfectly  impervious, — Chilmark  :  carbonate 
of  lime,  with  a  moderate  proportion  of  silica,  and  occasional 
grains  of  silicate  of  iron ;  colour,  light  greenish  brown. — 
Mam  Hill :  compact  carbonate  of  lime  with  shells,  chiefl'^ 
in  fragments,  coarsely  laminated  in  planes  of  beds ;  colour, 
deep  ferruginous  brown. 

Of  four  varieties  of  magnesian  limestone,  "the  following  are 
the  analyses : — 


MAGNESIAN   LIMESTONES. 

BolBover. 

Huddle- 
stone. 

Roach 
Abbey. 

Park 
Nook. 

Silica 

Ciu'bonate  of  lime       .  . 
Carbonate  of  magnesia 
Iron  alumina    .... 
Water  and  loss    .     .     . 

3-6 

51-1 

40-2 

1-8 

8-3 

2-53 

64  19 

41-37 

•30 

1-61 

•8 

57-5 

39-4 

•7 

1-6 

55-7 

41-6 

•4 

2-3 

The  weights  of  these  hmestones  were  as  follows: — 
Bolsover,  151  lb.  11  oz.  per  cubic  foot;  Huddlestone, 
137  lb.  13  oz.  ;  Eoach  Abbey,  139  lb.  2  oz. ;  and  Park 
Nook,  137  lb.  3  oz.     The  composition  of  them  is  as  follows: 
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— Bolsover :  chiefly  carbonate  of  lime  and  carbonate  of 
magnesia,  semi-crystalline ;  colour,  light  yellowish  brown. — 
HuddlestoTie :  similar  component  parts ;  colour,  whitish 
cream. — Boach  Ahhey  :  chiefly  carbonate  of  lime  and  carbon- 
ate of  magnesia,  with  occasional  dendritic  spots  of  iron  or 
manganese  ;  semi-crystalline ;  colour,  whitish  cream. — Park 
Nook:  similar  constitution,  and  of  cream  colour.  Sinks 
and  tanks  are  made  of  this  stone,  but  the  water  wastes  in 
them. 

The  following  structures  of  magnesian  limestones  may  be 
distinguished: — Southwell  Church,  Nottinghamshire,  built 
in  the  10th  century,  and  now  in  perfect  condition.  Konings- 
burgh  Castle,  in  Yorkshire  (Norman),  built  of  coarse-grained 
and  semi-crystalline  magnesian  limestone,  from  the  adjacent 
hill,  is  in  excellent  preservation.  The  mortar  has  in  many 
parts  disappeared,  but  the  edges  of  the  joints  remain  perfect. 
The  Church  at  Hemingborough,  in  Yorkshire  (15th  century), 
is  in  a  very  perfect  state.  It  is  built  of  a  white  crystalline 
magnesian  limestone,  resembling  that  from  Huddlestone. 
The  entire  building  is  in  a  perfect  state ;  even  the  spire, 
where  no  traces  of  decay  are  apparent. 

It  is  remarked  that  magnesian  limestone  appears  capable 
of  resisting  decomposing  action  in  proportion  as  its  structure 
is  crystalline,  and  the  late  Professor  Daniell  gave  it  as  his 
opinion,  based  upon  experiments,  that  "  the  nearer  the  mag- 
nesian limestones  approach  to  equivalent  proportions  of 
carbonate  of  lime  and  carbonate  of  magnesia,  the  more 
crystalline  and  better  they  are  in  every  respect." 

Among  the  buildings  constructed  of  oolitic  and  other  lime- 
stones, the  following  are  deserving  of  notice : — Byland  Abbey, 
Yorkshire,  of  the  12th  century,  built  partly  of  a  silicious  grit 
(principally  in  the  interior),  and  partly  (chiefly  in  the 
exterior)  of  a  compact  oolite,  from  the  Wass  quarries  in  the 
vicinity.  The  west  front,  which  is  of  the  oolite,  is  in  perfect 
condition,  even  in  the  dog's-tooth  and  other  florid  decorations 
of  the  doorways,  &c.  This  building  is  generally  covered  with 
lichens. 

Bath. — Ahhei/  Church  (1576),  built  in  an  oolite  from  the 
vicinity.  The  tower  is  in  fair  condition,  the  body  of  the 
church  in  the  upper  part  of  the  south  and  west  sides  much 
decomposed.  The  lower  parts  (formerly  in  contact  with 
buildings)  are  in  a  more  perfect  state  :  the  relief  in  the  west 
fi-ont  of  Jacob's  ladder  are  in  parts  nearly  effaced. —  Queen's 
Square,  north  side,  and  the  obelisk  in   the   centre,   built 
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about  110  years  since,  of  an  oolite  with  shells,  in  fair 
condition.  Circus,  built  about  1750,  of  an  oolite  in  the 
vicinity,  generally  in  fair  condition,  except  those  portions 
which  have  a  west  and  southern  aspect,  where  the  most 
exposed  parts  are  decomposed. — Crescent,  built  about  60 
years  since,  of  an  oolite  of  the  vicinity,  generally  in  fair 
condition,  excepting  a  few  places  where  the  stone  appears  to 
be  of  an  inferior  quality. 

Oxford. — Cathedral  (Norman,  12th  century),  chiefly  of  a 
shelly  oolite,  similar  to  that  of  Taynton.  Norman  work  in 
good  condition ;  the  later  work  much  decomposed. — Merton 
College  Chapel  (13th  century),  of  a  shelly  oolite,  resembling 
Taynton  stone,  in  good  condition  generally. — New  College 
Cloisters  (14th  century),  of  a  shelly  oolite  (Taynton)  in  a 
good  condition.  The  whole  of  the  colleges,  churches,  and 
other  public  buildings  of  Oxford,  erected  within  the  las^t 
three  centuries,  are  of  an  oolitic  limestone  from  Headington, 
abcut  \\  mile  from  the  University,  and  are  all,  more  or  less, 
in  a  deplorable  state  of  decomposition.  The  plinths,  string- 
courses, and  such  portions  of  the  buildings  as  are  much 
exposed  to  the  action  of  the  atmosphere,  are  mostly  of  a 
shelly  oolite  from  Taynton,  15  miles  from  the  University, 
and  are  universally  in  good  condition. 

Saint  FauVs  Cathedral,  London.  Finished  about  1700. 
Built  of  Portland  oolite,  from  the  grove  quarries  on  the  East 
Cliff.  The  building  generally  in  good  condition,  especially 
the  north  and  east  fronts.  The  carvings  of  flowers,  &c.,  are 
throughout  nearly  as  perfect  as  when  executed.  On  f;lie 
south  and  west  ff-onts  large  portions  of  the  stone  exhibit 
their  natural  colour,  occasioned  by  slight  decomposition  of 
the  surface.  The  stone  in  the  drum  of  the  dome,  and  in  the 
cupola  above  it,  appears  not  so  well  selected  as  the  rest,  yet 
shows  scarcely  any  decay  in  those  parts, 

Westminster  Abbe?/.  (15th  century).  Built  of  several 
varieties  of  stone,  similar  to  Gatton  or  Keigate,  much 
decomposed,  and  of  Caen  stone,  generally  in  bad  condition. 
A  considerable  portion  of  the  exterior,  especially  on  the 
north  side,  has  been  restored  at  various  periods ;  nevertheless, 
abundant  symptoms  of  decay  are  apparent.  The  cloisters 
built  of  several  kinds  of  stone,  are  in  a  very  mouldering 
condition,  except  where  they  have  been  recently  restored 
with  Bath  and  Portland  stones.  The  west  towers  erected  in 
the  beginning  of  the  18th  century,  with  a  shelly  variety  of 
Portland  oolite,  exhibit  scarcely  any  appearance  of  decay ; 
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Henry  tlie  Seventli's  chapel,  restored  about  thirty  years 
eiuce,  with  Coombe  Down  Bath  stone,  is  already  in  a  state 
of  decomposition  * 

In  Bpofforih  Castle  is  a  striking  example  of  an  unequal 
decomposition  of  the  magnesian  limestone  and  a  sandstone ; 
the  former  used  in  the  decorated  parts,  and  the  latter  in 
ashlar  and  plain  facings.  Although  the  nmgnesian  limestone 
has  been  equally  exposed  with  the  sandstone,  it  has  remained 
as  perfect  as  when  erected,  while  the  sandstone  has  suffered 
considerably.  In  Chepstow  Castle,  and  in  Bristol  Cathedral, 
similar  contrasted  effects  are  visible  upon  the  magnesian 
limestones  and  sandstones  employed. 

The  late  Professor  Daniell  gives  the  following  valuable 
summary  of  the  results  of  his  experiments  upon  the  stones 
we  have  referred  to.  "  If  the  stones  be  divided  into  classes, 
according  to  their  chemical  composition,  it  will  be  found  that 
in  all  stones  of  the  same  class  there  exists,  generally,  a  close 
relation  between  their  various  physical  qualities; — thus  it 
will  be  observed  that  the  specimen  which  has  the  greatest 
specific  gravity  possesses  the  greatest  cohesive  strength, 
absorbs  the  least  quantity  of  water,  and  disintegrates  the  least 
by  the  process  which  imitates  the  effects  of  weather.  A 
comparison  of  all  the  experiments  snows  this  to  be  the  general 
rule,  though  it  is  liable  to  individual  exceptions.  But  this 
will  not  enable  us  to  compare  stones  of  different  classes 
together.  The  sandstones  absorb  the  least  water,  but  they 
disintegrate  more  than  the  magnesian  limestones,  which, 
considering  their  compactness,  absorb  a  great  quantity. 
The  heaviest  and  most  cohesive  of  the  sandstones  are  the 
Craigleith  and  the  Park  Spring.  Among  the  magnesian 
limestones  that  from  Bolsolver  is  the  heaviest,  strongest,  and 
absorbs  the  least  water.  Among  the  oolites,  the  Ketton  Eag 
is  greatly  distinguished  from  all  the  rest  by  its  great  cohesive 
strength  and  high  specific  gravity." 

Por  durability,  for  crystalline  character,  combined  with  a 
close  approach  to  the  equivalent  proportions  of  carbonate  of 
lime  and  carbonate  of  magnesia ;  for  uniformity  of  structure  ; 
for  facility  and  economy  in  conversion  ;  and  for  advantage  of 
colour,  the  commissioners  declared  their  preference  for  the 
magnesian  limestone  of  Bolsover  and  its  neighbourhood,  and, 
taking  into  account  the  extended  range  and  careful  precision 
of  their  observations,  and  the  skilful  manner  in  which  their 

*  Keport  of  Commissioners. 
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experiments  were  designed  and  conducted,  it  will  be 
generally  admitted  that  the  opinions  thus  formed  and  pre- 
sented to  us  are  excellent  guides  for  our  se.ection  of  stone 
in  all  architectural  constructions,  and  deserve  our  most 
careful  consideration,  if  they  do  not  claim  our  immediate 
concurrence. 
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BY 


GENERAL  SIR  JOHN  F.  BURGOYNE,  BART., 
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Tis  the  destruction  of  bridges  during  tlie  Duke  of  "Welling- 
ton's compaigns,  various  methods  were  adopted  according  to 
the  circumstances  of  the  case. 

The  bridges  in  the  Peninsula  were  usually  of  stone,  the 
arches  from  20  to  40  feet  span  semicircular,  and  of  one 
stone  of  18  inches  or  2  feet  in  thickness.  The  loading  of 
the  arches  was  sometimes  of  solid  masonry,  but  commonly 
of  loose  stones  or  rubbish. 

The  object  required  generally  was  to  destroy  one  arch, 
and  in  order  to  give  the  enemy  the  greatest  inconvenience 
and  delay,  the  largest  arch  and  where  there  was  deep  water 
was  preferred,  excepting  when  want  of  time  or  ammunition 
made  it  advisable  to  select  a  particular  one  that  might 
appear  weaker  than  the  others. 

The  simplest  principle  of  mining  a  bridge  was  found  to 
be  by  lodging  the  powder  on  the  haunch  of  the  arch,  and  as 
near  as  could  be  on  the  centre  of  the  width  of  the  bridge, 
with  the  line  of  least  resistance  through  the  arch. 

The  best  mode  of  forming  the  mine  was  where  the  side 
wails  of  the  bridge  above  the  piers  were  slightly  built  and 
easily  got  at,  and  the  loading  of  the  arch  of  loose  rubbish  ; 


a  small  gallery  was  then  run  in  a,  fig.  1,  about  5  feet  from 
the  arch  stone ;  and  when  at  the  centre  of  the  width  of  the 

*  Extracted  from  a  Treatise  on  Mines,  by  J.  Lanclmann,   Professor  of 
Fortification  and  Artillery.     Lend.  1815. 
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bridge,  a  return  was  made  to  the  arch,  and  the  powder 
lodged  against  it.  There  are  not  many  occasions  where  tliis 
can  be  done  under  a  very  considerable  time  ;  but  when 
practicable  it  has  many  advantages :  the  greatest  resistance 
is  obtained  to  the  sides  and  above  ;  the  ammunition  is  less 
likely  to  get  injured  from  wet  penetrating  to  it ;  there  is  no 
obstruction  to  the  road  over  the  bridge  while  preparing, 
and  less  danger  of  accidents,  after  it  is  loaded. 

In  this  case,  the  powder,  sancisson,  &c.,  are  applied  in  the 
usual  manner  in  mining ;  and  the  end  to  be  lighted  is  kept 
within  the  surface  of  the  wall  to  be  sheltered  from  the  weatlier. 

The  common  and  quickest  mode  of  mining  a  bridge  is  by 
sinking  down  from  the  road  above,  to  the  arch,  and  lodging 
the  powder  in  one  mass  on  the  centre  of  its  width.  To  do 
this  with  good  effect,  the  shaft  c  b,  fig.  2,  should  be  sunk 


where  there  will  be  the  greatest  resistance  gained  above  and 
to  the  sides,  as  at  b.  Aa  the  arch  gives  so  much  more 
resistance  than  the  materials  with  which  it  is  loaded,  the 
distance  to  the  surface,  therefore,  should  be  twice,  or  three, 
or  even  four  times  more,  at  least  in  those  directions,  than 
in  that  through  the  arch,  in  proportion  to  the  nature  of 
those  materials. 

In  this  way  arches  have  been  blown  down  with  45  pounds 
of  powder,  and  after  five  or  six  hours  of  labour. 

The  shaft  should  be  sunk  on  one  side  of  the  centre  of  the 
width  of  the  bridge,  as  at  c,  fig.  3,  and  a  little  return  made 
at  the  bottom  to  gain  that  situation  for  the  powder,  by 
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Ill 


which  means  there  will  be  more  solid  resistance  above,  and 
a  greater  width  of  road  left  open  during  the  operation. 

In  loading,  the  saucisson  was  brought  up  the  shaft  to 
wdthin  about  1  foot  of  the  surface  of  the  road,  and  then 
carried  along  a  gutter  or  drain  to  the  side  of  the  bridge 
where  it  was  lighted,  whereby  the  road  was  entirely  cleared, 
and  a  premature  explosion  from  accident  less  likely  to  occur. 
The  upper  surface  of  the  road  was  drained  off  as  much  as 
possible,  to  keep  the  wet  from  penetrating  to  the  powder. 

When  there  is  no  time  to  sink  a  shaft  as  deep  as  might 
be  wished,  as  great  resistance  must  be  obtained  as  can  be, 
by  sinking  as  deep  to  the  arch  as  there  is  time  for,  and 
increasing  the  effect  by  a  loading  of  as  much  stone  or  other 
heavy  materials  from  the  parapet  walls  or  elsewhere  as  can 
be  applied. 

A  bridge  across  the  Carrion  at  Duenas  was  required  to 
be  mined  in  great  haste,  and  it  was  found  that  the  loading 
between  the  arches  was  of  solid  masonry :  an  opening  was, 
therefore,  made  down  to  the  crown  of  the  arch  d,  figs.  4 
and  5,    about   two  feet   six  inches  only;    250  pounds  of 
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powder  were  lodged  in  rather  a  longitudinal  direction  along 
the  width  of  the  bridge,  and  a  loading,  c  o,  fig.  4,  applied  of 
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heavy  stones  and  rubbish,  as  high  above  the  road  of  the 
bridge  as  could  be  without  preventing  carriages  from  pass- 
ing ;  when  fired  it  made  a  gap,  e  e  e  e,  across  the  bridge  of 
fifteen  feet,  which  was  about  lialf  its  span. 

The  Trench  declare  that  100  pounds  of  powder  laid  on 
the  crown  of  an  arch,  and  without  loading  would  destroy  it; 
but,  in  a  strong  built  bridge,  I  should  be  sorry  to  apply  so 
small  a  quantity. 

As  on  service,  the  time  at  command  for  this  kind  of 
operation  is  very  uncertain;  it  is  a  common  and  good  mode 
to  commence  preparing  in  two  places,  one  on  the  crown  of 
the  arch  and  the  other  on  the  haunch,  and  then  if  not 
allowed  time  sufficient  to  complete  the  latter  and  better 
mode,  the  powder  can  be  applied  on  the  crown  of  the  arch, 
and  exploded  with  or  without  a  loading  of  rubbish,  according 
to  circumstances ;  and  it  is  much  better  to  do  that  than  to 
lodge  the  powder  in  a  shaft  only  partly  sunk  down  to  the 
haunch,  although  it  should  be  deeper. 

In  some  cases  where  the  bridge  is  very  wide,  and  the 
operation  can  be  carried  on  with  nicety,  it  may  be  right  to 
divide  the  powder  into  two  mines  f  and  G,  fig.  6,  across  its 

width  ;  but,  in  a  rough  opera- 
tion, I  would  certainly  never 
divide  the  powder:  for  al- 
though it  was  said  once  that 
a  hole  was  blown  through  the 
centre  of  a  wide  arch,  and 
a  passage  left  on  each  side 
(which,  however,  I  do  not  be- 
lieve), if  it  was  so,  certainly  that  same  quantity  of  powder 
that  gave  so  nice  a  shock  would  not  have  injured  the  arch 
at  all  if  divided. 

I  have  seen  an  instance  where  about  half  of  the  width  of 
a  bridge  f  g  h,  fig.  7,  was  blown  down,  which  probably 
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arose  from  dividing  the  powder  in  this  manner. 

There  can  be  no  reason  whatever  for  dividing  the  powder 
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between   the  different  sides  of  the  arch,  as  at  i  k,  fig.  8 ; 

by  doing  so  a  failure  took  place  on  the  Coruna  retreat ;  and 

if  it  succeeds,  there  can 

be  little  doubt  but  that  one 

of  the  mines  would  have 

done  as  well.     Wherever 

the  powder  is  divided,  the 

explosion    of    the    whole 

should  be  simultaneous; 

the  arrangements  require 

much  precision,  and  the 

chances  of  failure  are  of  course  multiplied. 

Where  a  bridge  is  narrow,  there  can  be  no  occasion  for 
sinking  tlie  shaft  down  to  the  arch  much  deeper  than  half 
the  width  of  the  bridge,  as  the  want  of  resistance  at  the 
sides  will  render  the  additional  vertical  resistance  super- 
fluous. On  one  occasion  a  failure  occurred  from  a  shafc 
being  sunk  down  to  a  pier  wdth  the  intention  of  destroying 
two  arches  ;  but  which,  although  great  perpendicular  re- 
sistance  was  gained,  blew  out  at  the  sides,  and  left  t',. 
arches  perfect. 

When  the  effect  of  a  mine  can  be  secured  to  cut  through 
the  arch,  the  greater  resistance  that  can  be  given  even  in 
that  direction  the  better,  as  it  will  increase  the  effect  over 
the  whole  width  of  the  bridge. 

As  it  generally  happens  on  service,  that  the  mine  cannot 
be  laid  according  to  nice  calculation,  after  applying  it  in  the 
best  way  which  circumstances  will  allow,  the  effect  must  ba 
gained  by  increasing  the  quantity  of  powder.  Under  the 
chance  of  different  diflBculties  that  might  occur,  it  was  cus- 
tomary, when  practicable,  to  send  two,  three,  and  even  four 
barrels  of  powder,  of  ninety  pounds  each,  for  the  destruction 
of  a  bridge,  although  one  would  usually  be  sufficient. 

When  there  was  time  these  mines  were  loaded  with  all 
the  precautions  commonly  used — viz.,  the  powder  in  a  box, 
and  the  saucisson  in  an  auget ;  and  when  to  lay  any  time, 
the  box  and  auget  were  pitched,  and  covered  wdth  straw, 
larpauling,  &c.,  to  preserve  the  ammunition  dry.  When 
pressed  for  time  and  without  the  proper  articles,  the  powder 
was  lodged  in  the  barrels  it  was  brought  in,  or  laid  in  a 
tarpauling,  or  in  bags  ;  and  the  saucisson  was  laid  without 
an  auget,  but  with  care  that  the  stones  or  rubbish  should 
not  choke  it.  The  mine  was  lighted  by  a  piece  of  port-tiro 
tied  into  the  end  of  the  saucisson. 
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Saucisson  is  so  very  easily  made  and  carried,  and  so  ad- 
vantageous, that  latterly  we  never  failed  having  it  with  us  ; 
in  our  first  mines,  indeed,  for  want  of  it,  we  cut  off  the  ends 
of  port-fires  diagonally,  and  tied  them  together  to  pieces  of 
stick  the  length  necessary  for  train  ;  but  such  a  contrivance 
is  very  bad,  and  owing  to  it  Lieutenant  Davy  was  killed  on 
Sir  John  Moore's  retreat,  the  mine  exploding  the  instant 
he  lighted  it,  probably  from  the  fire  of  the  composition 
dropping  down  to  the  powder,  for  which  reason  the  end 
port-fire  should  be  laid  horizontally,  and  a  little  clay  round 
it  will  give  additional  security. 

A  small  hollow  round  the  powder  in  a  mine  will  increase 
its  effect. 

To  destroy  wooden  bridges  powder  was  sometimes  used 
and  applied  to  the  most  important  supports  in  the  arch, 
according  to  its  construction ;  but  as  there  is  no  other 
resistance  than  the  air,  the  quantity  of  powder  should  be 
large ;  ninety  pounds  have  blown  down  a  strong  wooden 
arch. 

The  common  and  best  mode  with  a  wooden  bridge  is  to 
lay  the  planking  bare,  and  to  light  a  large  fire  upon  them 
over  the  piles  forming  the  piers,  which  will  then  burn  to 
the  water's  edge  if  let  alone ;  but  this  will  not  do  if  the 
enemy  cannot  be  kept  from  gaining  possession  of  the 
bridge  for  at  least  twelve  hours  alter  the  fire  is  lighted. 
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It  may  not  be  considered  uninteresting  to  follow  the 
foregoing  subject  by  adding  some  account  of  the  signal 
failures  in  the  blowing  up  of  two  bridges  by  gunpowder, 
arising  from  a  want  of  that  due  consideration  and  discre- 
tion in  moments  of  danger  which  is  so  essential  and  of  such 
paramount  importance  to  the  military  engineer.  The  first 
is  that  of  the  failure  in  destroying  and  preventing  the 
passage  of  troops  over  the  bridge  between  Pesth  and  Buda 
during  the  Hungarian  revolutionary  war  of  1848.  The 
facts  were  personally  communicated  to  me,  after  his  return 
to  England,  by  the  engineer  of  the  bridge,  the  late  Wm. 
Tierney  Clark,  Esq.  The  second  is  that  of  the  failure  in  the 
destruction  of  the  bridge  of  S.  Martino,  near  Magenta, 
during  the  Italian  war  of  1858.  Of  the  first  I  have 
made  some  extracts  from  Mr.  Clark's  published  work 
of  the  particulars  of  the  construction  of  that  fine  and 
stupendous  work  of  art : — 

"  The  provisional  government  sent  messages  to  the  direc- 
tors of  the  bridge  to  prepare  the  approaches,  &c.,  for  the 
passage  of  troops  and  cavalry,  and  afterwards  likewise  for 
artillery,  and  this  to  be  done  under  the  severest  penalties. 
All  representations  of  the  danger  which  might  occur  from 
the  passage  of  troops  over  an  unfinished  bridge  were  un- 
availing, and  totally  disregarded.  This  being  the  case, 
therefore,  the  5-inch  longitudinal  larch  timbers  were  covered 
over  with  cross  temporary  planking,  to  save  them  as  much 
as  possible.  After  this  had  been  done,  the  bridge  was 
daily  crossed  by  infantry  and  cavalry  regiments,  light  and 
heavy  artillery,  baggage  waggons,  &c.,  and  the  whole  of  the 
Hungarian  army  at  last  retreated  over  it,  and  on  the  5th 
and  6th  of  January  the  Imperial  troops,  to  the  amount  of 
about  70,000  men,  comprising  nearly  a  dozen  cavalry 
regiments,  and  270  cannon,  passed  over  it,  and  took  pos- 
session of  Buda-Pesth." 


lie  ADDENDA.. 

"  Aftei  tlie  passage  of  the  Imperial  troops  on  the  niglit  of 
the  29th  April  over  the  suspension  bridge  and  bridge  of 
boats,  the  latter  was  set  fire  to  and  completely  destroyed, 
being  previously  covered  with  pitch,  tar,  and  other  com- 
bustible matter.  General  Hentzi  then  caused  the  whole  of 
the  5-inch  platform  timbers,  as  well  as  those  forming  the 
foot-paths,  to  be  cleared  away,  leaving  the  cast-iron  beams 
and  trussing  between  the  piers  standing  quite  bare.  He 
then  caused  four  large  cases,  containing  about  30  cwt.  of 
gunpowder,  to  be  placed  on  the  beams  close  to  the  chains, 
two  on  each  side,  with  a  train  extending  out  to  behind  the 
toll-houses,  with  orders  for  the  artillerymen  to  fire  it  if  the 
Hungarians  attempted  to  force  a  passage — Pesth  being 
already  in  possession  of  the  insurgent  troops." 

"  On  the  night  of  the  20th  of  May,  the  walls  of  the  city 
were  stormed  at  all  points  by  an  overwhelming  force ;  and 
after  a  bloody  and  severe  struggle,  in  which  General  Hentzi 
lost  his  life,  the  fortress  was  taken ;  and  on  the  morning  of 
the  21st,  the  Hungarian  colours  appeared  floating  from  the 
towers.  Between  6  and  7  o'clock  that  morning,  and  after 
all  was  lost,  with  the  exception  of  the  Buda  workyard,  which 
was  still  held  by  the  brave  General  who  commanded  them, 
he — for  what  reason  is  not  known — set  fire  to  the  powder 
on  the  bridge  with  his  own  hands,  blowing  himself  and 
about  80  feet  of  the  skeleton  of  the  platform  to  atoms ; 
alter  this,  all  resistance  ceased.  Five  of  the  beams  were 
blown  to  pieces,  and  three  were  broken,  but  still  hanging. 
The  troops  broke  into  the  offices  and  magazines  at  the 
works,  and  destroyed  much  valuable  property,  and  it  was 
with  the  greatest  difficulty  that  the  papers  and  drawings 
were  saved  from  destruction. 

"  The  bridge  from  this  blasting  sustained,  nevertheless, 
but  little  damage,  and  the  Hungarian  General  Georgy  came 
and  gave  orders  for  the  bridge  to  be  repaired  for  the  passage 
of  troops." 

"  The  bridge  continued  open  for  the  military  and  a  part 
of  the  public  till  the  30th  of  May,  when  it  was  closed,  and 
the  works  commenced  again  at  all  points;  and  as  the 
authorities  stated  that  the  progress  should  not  again  be 
interrupted,  a  beginning  was  made  to  lay  the  wood  pavement 
ou  the  platform." 

"During  the  war  the  bridge  had  been  tested  by  the 
passage  of  numerous  troops  of  the  different  armies  of 
infantry,  cavalry,  and  artillery,  with  heavy  waggons  and  the 
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usual  accompaniments  crowding  the  entire  surface  of  the 
platform,  not  only  for  a  day,  but  for  weeks  together,  day 
and  night,  and  this  when  the  trussing  and  bracing,  which 
adds  so  much  to  the  strength  of  the  platform,  was  for  the 
most  part  not  erected." 


I 


Of  the  second  I  have  made  some  extracts  from  Paper  XII., 
in  Yol.  10  of  the  Papers  of  the  Corps  of  Royal  Engineers, 
written  by  General  Sir  John  F.  Burgoyne,  Bart.,  G.C.B., 
1861. 

"  The  Austrian  account  of  the  attempted  destruction  of 
the  bridge  over  the  Ticino  at  San  Martino,  near  Magenta 
and  Buffalora,  during  the  campaign  of  1859,  is  of  interest, 
inasmuch  as  the  destruction  of  this  bridge  was  of  the  greatest 
consequence  to  the  Austrians ;  for  when  they  retreated  from 
it,  leaving  it  in  such  a  state  as  to  be  passable  for  troops, 
the  Prench  were  enabled  to  cross  in  sufficient  numbers  to 
win  the  battle  of  Magenta  before  their  opponents  were 
concentrated.  Between  the  Ticino  and  the  town  of  Magenta, 
however,  they  encountered  another  obstacle,  viz.,  the  Grand 
Canal,  which  would  have  checked  them  for  a  long  time  if 
properly  defended ;  but,  although  the  four  bridges  across  it 
were  mined,  only  two  of  them  were  blown  up,  and  near  one 
of  these  the  Austrians  left  some  planks,  which  enabled  the 
French  easily  to  restore  the  roadway.  The  great  importance 
of  proper  arrangements  for  destroying  bridges  thoroughly 
and  with  certainty  is  thus  forcibly  illustrated  by  the  opera- 
tions of  one  day." 

General  instructions  had  been  issued  to  the  Austrian 
engineers  in  1858  for  mining  the  new  bridges  and  viaducts, 
in  readiness  for  blowing  them  up,  as  well  as  a  special  order 
to  prepare  a  project  for  destroying  the  old  bridge  at  San 
Martino.  It  was,  therefore,  proposed  to  bore  cylindrical 
holes  8  inches  in  diameter  horizontally  across  it,  over  two  of 
the  arches,  according  to  a  plan  recommended  in  the  instruc- 
tions. This  operation  was,  however,  considered  objection- 
able, because  it  might  affect  the  stability  of  the  arches,  and 
explosion  would  not  be  certain  to  destroy  the  bridge,  for 
the  chamber  of  the  mine  having  but  little  brickwork  over  it 
the  explosion  might  take  effect  in  an  upward  direction 
only ;  it  was,  therefore,  subsequently  proposed  to  sink  two 
shafts,  each  30  inches  square,  in  the  direction  of  the  longi- 
tudinal axis  of  the  central  pier  of  the  bridge  which  was 
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to  be  destroyed.  From  the  bottom  of  each  shaft,  galleries 
30  inches  high  and  24  inches  wide  (the  Austrian  inch  being 
very  little  longer),  were  to  move  in  both  directions,  that  is, 
four  galleries  in  all.  Each  gallery  was  to  terminate  in  a 
chamber  to  contain  62  pounds  of  gunpowder,  and  the  centres 
of  these  were  to  be  9  feet  from  each  other,  the  line  of  least 
resistance  being  equal  to  lialf  the  thickness  of  the  pier,  or 
6  feet  4  inches. 

The  Committee  of  Engineers  ordered  to  report  on  this 
plan  made  a  third  proposal.  The  shafts,  galleries,  and 
chambers  were  to  be  replaced  by  four  cylindrical  holes  7 
inches  in  diameter,  bored  vertically,  at  the  bottom  of  each 
of  which  there  was  to  be  a  chamber  6  inches  in  diameter. 
Seventy  pounds  of  40°  powder  were  required  for  each  hole, 
or  280  pounds  for  each  pier,  this  calculation  having  been 
based  on  the  presumption  that  coefficient  g  should  be  taken 
at  0*255,  the  same  as  a  compact  rock. 

The  Committee  were  induced  to  make  this  proposal  be- 
cause they  considered  the  making  of  shafts,  galleries,  and 
chambers  too  difficult,  and  likely  to  affect  the  stability  of 
the  bridge,  an  apprehension  shared  by  all  the  architects 
who  were  consulted. 

These  subjects  were  thoroughly  considered  and  reported 
on,  and  some  variations  were  proposed.  Suitable  instru- 
ments, however,  for  boring  the  holes  were  wanting,  and 
none  could  be  procured  at  the  moment,  owing  to  the  break- 
ing out  of  the  war.  The  chambers  were  blasted  before  with 
gunpowder,  and  the  holes  made  much  larger  than  necessary, 
and  of  very  irregular  shape.  To  meet  this  evil  and  produce 
the  necessary  width  and  smoothness,  a  pole  had  to  be  let 
down  into  each,  and  the  interval  between  it  and  the  masonry 
was  filled  up  with  bricks.  The  expenditure  of  powder  used 
in  this  blasting  was  very  much  regretted  subsequently,  when 
another  supply  could  not  be  procured,  and  it  would  then 
have  been  of  essential  service. 

When  orders  arrived  during  the  night  of  the  2nd  of  June 
to  blow  up  the  bridge,  the  chambers  were  filled  with  8G 
pounds  of  powder  in  each,  and  partly  tamped  with  sand ; 
but  it  has  not  been  ascertained  whether  the  upper  part  was 
properly  filled  with  clay  and  fragments  of  stone.  On 
ignition,  five  only  of  the  mines  exploded,  with  a  rather 
strong  detonation,  including  the  four  in  the  first  pier,  but 
only  one  in  the  second. 

After  this  unexpected  failure  the  remaining  charges  were 
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at  once  examined,  and  being  found  intact  were  success- 
fully exploded  by  means  of  electricity,  and  it  was  expected 
that  the  arches  would  then  fall. 

The  second  detonation  equalled  the  first,  but  the  arches 
did  not  fall.  The  masonry  below  them  had  been  destroyed, 
and  they  sunk  at  the  key  stones  two  or  three  feet ;  the  road 
across  the  bridge  formed  a  concave  line  and  was  full  of 
fissures  ;  and  the  balustrades,  formed  of  blocks  of  stone,  had 
been  precipitated  into  the  river. 

As  there  was  no  powder  in  reserve,  two  guns  were 
ordered  to  batter  the  parts  of  the  bridge  most  injured,  in 
order  to  cause  the  arches  to  fall,  but  without  success. 

The  account  here  shows  in  one  part  a  want  of  the  im- 
plements necessary  for  making  the  openings  as  determined 
upon,  a  deficiency  at  least  in  the  requisite  quantity  of 
powder,  doubts  expressed  as  to  the  powder  having  a  proper 
degree  of  strength,  and  a  failure  of  the  ignition  of  three 
charges  out  of  eight ;  all  of  which  difficulties,  it  is  appre- 
hended, might  have  been  provided  against  by  adopting  a 
more  simple  ofi'-hand  mode  of  proceeding. 

In  destroying  a  bridge  in  a  campaign,  the  system  should 
vary  with  the  time  and  means  available ;  it  is  rare  that  that 
which  is  most  correct  theoretically  can  be  adopted,  and 
generally  every  disadvantage  may  be  counteracted  by  em- 
ploying plenty  of  powder.  The  object  being  the  destruc- 
tion, it  is  of  far  less  consequence  to  have  that  in  the  extreme 
than  to  fail  in  obtaining  what  is  required.  (Extracts)  Vide 
Papers  of  the  Boyal  Engineers,  pp.  116—120,  vol.  10,  1861. 


ADDENDA. 


The  following  interesting  episode  is  added  without  refer- 
ence having  been  made  to  the  gallant  officers  referred  to, 
the  publisher  claiming  it  as  a  subject  belonging  to  our 
service,  and  more  particularly  as  it  is  an  acknowledged 
evidence  of  the  distinguished  services  of  the  Corps  of  Royal 
Engineers  of  Great  Britain  and  Ireland. 

The  Services  of  the  Eotal  Engineees  in  the  Crimea. 

Speech  made  in  the  House  of  Commons  by 

Captain  L.  Yernon. — T  rise  to  call  the  attention  of  the 
House  to  the  services  of  the  Corps  of  Eoyal  Engineers  in  the 
Crimea.  I  do  so  because  there  is  a  disposition  abroad  to 
depreciate  the  services  of  the  British  army  in  the  Crimea. 
We  think  it  high  time  that  something  should  be  done  to 
counteract  this  tendency  to  detract,  and  we  believe  tliat  my 
statement  this  evening  will  be  a  step  in  that  direction.  No 
detractor  has  ventured  to  question  the  courage  and  the  con- 
duct of  the  British  soldiers  of  the  general  service.  So  far 
as  the  special  corps  are  concerned,  I  have  never  heard  any 
one  bold  enough  to  say  the  British  artillery  was  second  to 
any  in  the  world,  and  my  statement  this  evening  will  show 
that  the  British  Engineers  were  equal,  to  say  the  very  least, 
to  any  engineer  that  took  the  field. 

The  war  that  has  just  terminated,  unlike  any  other  modern 
war  on  record,  narrowed  itself  into  one  mighty  siege.  The 
victory  of  the  Alma  was  but  the  introduction  to  the  siege  of 
Sebastopol,  and  the  battles  of  Balaklava,  of  Inkerman,  and 
of  the  Tchernaya  were  but  futile  attempts  on  the  part  of 
the  Russians  to  raise  that  siege.  A  fortress  important 
rather  for  its  uses  than  for  its  strength — a  fortress  so  low 
in  the  scale  of  scientific  defence  that  it  was  supposed, 
erroneously  enough,  to  be  open  to  a  surprise,  so  moderately 
fortified  that  it  was  considered  liable  to  the  afi'ront  of  a 
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coup  de  main,  "became,  under  the  pressure  of  circumstances 
and  by  the  mere  force  of  earthworks  erected  by  the  genius  of 
Todtleben,  one  of  the  strongest  places  on  record,  and  held 
at  bay  for  eleven  months  the  chivalrous  valour  and  the 
military  science  of  the  world.  This  war,  then,  being  a 
siege,  it  follows  that  the  battle  was  fought  by  science.  It 
was  a  war  of  engineers,  and  I  rise  in  my  place  to  claim  for 
the  British  Engineers  their  full  share  in  the  achieving  of 
that  great  result  which  has  brought  about  the  peace. 

There  were  three  great  turning  points  on  which  the 
success  of  the  war  depended.  First  was  the  selection  of  a 
place  of  landing  in  the  Crimea;  secondly  was  the  decision 
as  to  which  front  of  Sebastopol  should  be  attacked — for  we 
were  not  in  a  condition  to  invest  the  whole,  according  to 
the  real  acceptation  of  the  term  ;  third,  and  most  important, 
was  the  discovery  of  the  key  to  the  position  of  the  front  to 
be  attacked. 

I  may  at  once  avow  and  claim  for  the  British  Engineers 
the  decision  on  all  these  three  points,  and  I  shall  confine 
myself  as  much  as  possible  to  proving  that  this  was  the  case. 
I  must  trust  to  some  indulgence  while  I  place  historically 
before  them  these  three  questions  in  their  relative  positions. 
It  will  be  seen  at  a  glance  that  this  question  widens  itself 
from  a  corps  question  into  a  national  one.  What  I  now 
say,  by  the  aid  of  the  press  wdll  be  spread  far  and  wide. 
What  will,  doubtless,  by  many  be  impugned,  and  it  there- 
fore behoves  me  to  start  on  a  proper  base,  and  to  go  on 
adding  fact  to  fact  in  order  to  be  able  to  defy  all  contra- 
diction. 

In  January,  1854,  on  account  of  the  appearances  in  the 
East,  Colonel  Vicars,  with  three  engineers,  left  England  to 
place  themselves  under  the  orders  of  Admiral  Dundas,  who 
commanded  in  the  East.  At  Gibraltar  Colonel  Vicars  was 
taken  ill,  and  the  command  devolved  upon  Captain  Chap- 
man, now  Colonel  Chapman,  whose  distinguished  services  I 
have  had  occasion  before  to  bring  under  the  notice  of  the 
House.  These  officers  joined  the  fleet  in  the  Bosphorus, 
and  were  despatched  to  reconnoitre  the  strong  position  of 
Maidos,  near  the  Dardanelles. 

Now,  at  this  juncture  the  home  authorities  were  without 
any  precise  information  with  regard  to  the  East.  In  this 
dilemma  Sir  John  Burgoyne,  whose  high  position  as  In- 
spector-General of  Fortifications  might  well  have  excused 
him  from  the  arduous  undertaking,  volunteered  his  services, 
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at  this  inclement  season,  to  proceed  to  the  East  to  make 
military  observations  of  such  forces  as  should  be  sent  by 
the  allied  French  and  English  armies  in  support  of  the 
Turks,  in  the  event  of  a  war  with  Russia  which  then  ap- 
peared imminent.  His  services  were  accepted  with  eager- 
ness. On  his  way  through  Paris  the  Emperor  Napoleon 
associated  with  him  Colonel  Ardant,  an  officer  of  French 
Engineers.  These  two  proceeded  together  to  the  Darda- 
nelles, and  inspected  the  position  of  Maidos,  and  afterwards 
of  Boulahir,  preferring  which  latter  the  officers  of  engineers 
were  withdrawn  from  Maidos  to  reconnoitre  Boulahir,  which 
they  did  in  that  inclement  season,  the  snow  being  then 
deep  on  the  ground. 

Sir  John  Burgoyne  and  Colonel  Ardant  then  proceeded 
to  Constantinople  to  reconnoitre  the  position  of  Bujukchek- 
medji,  about  twelve  miles  from  Constantinople,  a  strong 
position,  intended  to  be  made  the  base  of  operations  and  to 
cover  Constantinople.  Colonel  Ardant  went  forward  to 
examine  the  position  of  Kara-su,  where  strong  lines  of 
defence  were  available,  connecting  the  Sea  of  Marmora  with 
the  Black  Sea.  Sir  John  Burgoyne  meantime  went  to 
Shumla,  to  confer  with  Omar  Pasha,  and  he  reconnoitred 
and  reported  upon  Yarna.  Thence  he  returned  to  England, 
leaving  Colonel  Ardant  at  G-allipoli. 

While  Sir  J.  Burgoyne  was  at  Constantinople,  there 
was  presented  to  him  a  project  for  the  defence  of  that  town 
by  certain  French  officers  attached  to  the  embassy — these 
lines  of  defence  were  to  pass  from  the  Sea  of  Marmora  to 
the  Golden  Horn,  and  from  that  to  the  Bosphorus,  passing 
within  a  mile  of  the  suburbs  of  Constantinople.  The  grountl 
was  ably  taken  up,  but  Sir  John  Burgoyne  at  once  pointed 
out  that  it  was  faulty,  because  it  passed  close  to  an  enor- 
mous population  and  a  city  liable  to  conflagration  as  was 
Constantinople ;  but  the  principal  objection  was,  that  it 
abandoned  to  the  enemy  the  Bosphorus,  which  was  our  only 
means  of  communication  with  the  Black  Sea.  This  plan  of 
defence,  therefore,  was  abandoned  in  favour  of  that  of 
Kara-su,  which  in  every  point  resembled  the  lines  of  Lisbon, 
with  a  similar  advantage  of  the  stronghold  of  Bujukchek- 
medji. 

War  was  now  declared;  the  allied  army  was  sent  to 
Gallipoli,  and  took  up  the  intrenched  post  of  Boulahir ; 
they  then  proceeded  to  Constantinople,  leaving  a  small  force 
to  occupy  Gallipoli.     The  Russians  haviug  made  no  impres- 
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sfon  on  the  Danube,  notwithstanding  their  vast  military 
resources,  and  the  allied  armies  having  advanced  to  Varna, 
in  support  of  the  Turks,  the  proceedings  of  Sir  J.  Burgoyne 
and  of  Colonel  Ardant  were  criticised  as  being  too  cautious 
and  unenterprising,  by  taking  up  a  defensive  position  for 
Constantinople  and  the  Dardanelles ;  but  it  must  be  re- 
membered that  at  that  time  the  war  had  not  begun,  and  it 
could  not  have  been  supposed  that  the  Russians,  who,  in  so 
arrogant  a  manner,  had  forced  on  the  war,  should  have  been 
held  entirely  in  check  by  the  Turks ;  and  it  was  therefore 
requisite  that  Constantinople  should  be  protected,  and  the 
Dardanelles,  without  which  there  were  no  means  of  com- 
municatiug  with  the  Sea  of  Marmora,  the  Bosphorus,  or  the 
Black  Sea,  which  latter  was  at  that  time  in  the  possession 
of  the  Russian  fleet ;  in  a  word,  it  would  have  been  impos- 
sible to  trust  an  allied  army  in  that  country  if  such  a  strong 
position  as  Gallipoli  and  its  adjacents  had  not  been  found. 
Such  was  the  opinion  of  the  Emperor  Napoleon,  and,  what 
is  more  to  my  purpose,  such  was  the  opinion  of  Sir  John 
Burgoyne. 

In  August  Sir  John  Burgoyne  was  sent  out  to  command 
the  engineers  in  the  Crimea,  and  was  placed  upon  the  staff. 
In  September  the  army  embarked  at  Varna  for  the  purpose 
of  invading  the  Crimea. 

And  now  I  come  to  the  first  point  I  wish  to  prove — ■ 
namely,  the  selection  of  the  part  of  the  Crimea  in  which  the 
landing  was  to  be  effected.  A  council  of  war  assembled  on 
board  the  Caradoc.  It  was  attended — on  the  part  of  the 
Trench,  by  General  Canrobert,  by  Colonel  Trochu,  one  of 
the  French  staff,  and  by  General  Bizot,  the  French  engi- 
neer ;  on  the  part  of  the  English  by  Lord  Raglan,  by  Sir 
G.  Brown,  by  Sir  E.  Lyons,  and  by  Sir  J.  Burgoyne.  The 
French  held  the  opinion  that  the  best  place  to  land  was  at  the 
mouth  of  the  Katcha,  and  I  believe  that  Sir  G.  Brown  coin- 
cided with  that  opinion,  but  he  said,  "  Before  coming  to  a 
decision  on  this  point,  I  think  we  ought  to  know  the  opinion 
of  Sir  J.  Burgoyne,  who  has  had  more  practical  experience 
than  any  other  officer  present."  On  this  Sir  J.  Burgoyne 
declared  that  the  Katcha  was  not  the  proper  place  to  land, 
that  it  was  a  difficult  and  defensible  ground,  and  close  to  the 
resources  and  reserves  of  the  Russians,  and  he  pointed  out, 
on  the  other  hand,  that  the  safest  place  to  land  was  at  the 
Old  Fort. 

Sir  J.  Burgoyne *s  representations  were  made  known  to 
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Marslial  St.  Arnaud,  who  at  once  grasped  the  idea  and  con- 
sented to  the  move.  The  landing,  therefore,  was  safely  effected 
at  the  Old  Port,  and  Eupatoria,  in  the  rear,  was  seized  and 
occupied.  The  abandoning  of  the  idea  of  landing  at  the 
Katcha  was  very  distasteful  to  some  officers  of  the  French 
staff,  but  when  that  place  fell  to  our  position  it  was  seen 
that  Sir  John  Burgoyne's  estimate  of  the  difficulty  was 
right,  and  that  an  attempt  to  land  there  would  have 
been  followed  by  failure  and  disaster.  I  think  I  have 
proved  now  my  first  point,  and  that  I  have  a  right  to 
claim  the  selection  of  the  place  for  landing  for  the  British 
Engineers. 

I  now  come,  sir,  to  my  second  point — that  is,  the  selec- 
tion of  the  side  on  which  Sebastopol  was  to  be  attacked. 
After  the  battle  of  the  Alma  the  troops  advanced  towards 
Sebastopol  across  the  rivers  Katcha  and  the  Belbek.  Now, 
the  intention  of  the  French,  and  for  which  they  had  pre- 
pared projects,  was  to  attack  Sebastopol  on  the  north  side. 
Sebastopol  on  the  north  side  was  situated  on  a  promontory, 
and  its  defences  were  placed  on  rocky  heights,  having  in 
front  of  them  strong  ground  of  a  very  defensible  character, 
narrowed  by  the  bay  of  Belbek  on  one  side,  the  head  of  the 
harbour  on  the  other,  the  promontory  being  dominated  by  a 
strong  permanent  work  called  the  "  Severnaia.'*  Sir  J. 
Burgoyne  did  not  think  that  the  north  side  of  Sebastopol 
was  the  side  to  be  attacked ;  he  rather  held  to  the  opinion 
that  it  should  be  attacked  on  the  south  side,  and  he  wrote  a 
report  to  Lord  Baglan,  giving  his  reasons  for  holding  that 
opinion,  an  extract  from  which  report  I  will  now,  with  the 
permission  of  the  House,  proceed  to  read : — 

"  The  communications  with  the  fleet,  whence  all  resources 
were  necessarily  obtained,  would  be  from  the  fine  bays  and 
harbours  of  Balaklava,  Kamiesch,  and  Kazatch,  instead  of 
from  an  entirely  open  beach,  which  was  alone  available  on 
the  north.  Tlie  fronts  that  were  exposed  to  attack  were 
extensive,  and,  though  naturally  of  great  strength,  were  not 
more  so  than  that  of  the  north,  which  was  limited,  and  con- 
sequently admitted  of  defence  after  defence.  The  south 
side  covered  the  docks,  barracks,  and  all  the  great  establish- 
ments of  the  place ;  whereas,  if  the  north  promontory  were 
obtained,  there  was  the  harbour  still  intervening,  which 
could  not  be  crossed  by  any  means ;  and  the  only  resource 
would  have  been  a  bombardment,  and  not  possession.  "" 

"  In  rear  of  the  encamping  ground  to  be  occupied  by  tl 
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allies  in  front  of  Sebastopol  on  tlie  south  side  was  a  compact 
and  most  powerful  position  facing  the  country,  and  the 
communication  to  it  from  the  harbours  was  direct  and  com- 
paratively short,  while  on  the  north  there  was  no  favourable 
position  on  the  land  side;  the  ground  to  cover  the  camp 
and  landing-place  must  have  been  of  enormous  extent,  for 
that  landing  could  not  have  been  nearer  than  the  Katcha, 
as  the  Belbek  w^as  commanded  by  the  enemy's  batteries, 
and  the  communication  would  have  been  much  longer,  and 
over  two  heights  instead  of  one.  The  enemy,  if  attacked 
on  the  north,  having  but  one  front  of  the  garrison,  of  mode- 
rate extent,  to  cover,  could  have  greatly  increased  the  outer 
field  army  for  raising  the  siege.  In  thoroughly  reconsider- 
ing every  circumstance,  it  is  impossible  to  concede  how  the 
operation  could  possibly  be  sustained  against  the  north  side : 
nor  how  the  army,  were  it  to  remain  there,  could  avoid 
some  frightful  catastrophe." 

This  report  was  sent  to  Marshal  St.  Arnaud,  and  that 
officer,  with  his  usual  sagacity,  accepted  the  idea,  and  con- 
sented to  attacking  Sebastopol  on  the  south  side.  Then 
came  the  question,  how  was  that  to  be  done  ?  If  there  be 
one  axiom  in  war  more  cogent  than  another,  it  is  that  an 
army  should  never  separate  itself  from  its  base;  and  if 
there  is  any  other  axiom  equal  to  that  in  cogency,  it  is  that 
a  flank  march  should  never  be  made  in  the  presence  of  an 
enemy.  And  yet,  at  first  sight,  it  would  seem  that  the 
proposition  of  Sir  J.  Burgoyne  embraced  both  these  mili- 
tary errors;  but  it  was  not  so  in  fact.  He  proposed  to 
leave  one  base,  but  the  base  moved,  so  that  he  should  fall 
upon  it  again  ;  and  the  flank  march  to  enable  him  to  reach 
the  south  side  of  Sebastopol  was  in  the  rear  of  a  flying  and 
disorganised  enemy,  and  it  thrust  the  army  between  Men- 
schikoff  and  Sebastopol.  The  movement  was  therefore 
undertaken,  and  the  army  sat  down  before  Sebastopol,  never 
to  rise  from  it  again  till  it  left  that  place  and  its  defences  a 
shapeless  ruin. 

1  think  that  I  am  entitled  to  say  that  I  have  proved 
my  second  point,  and  that  I  have  a  right  to  claim  the  selec- 
tion of  the  side  on  which  Sebastopol  should  be  attacked  for 
the  British  Engineers.  The  siege  was  now  commenced  with 
scanty  military  means.  There  were  300  or  400  sappers 
where  there  should  have  been  as  many  thousands — for 
it  should  be  remembered  that  behind  the  earthworks  at 
Sebastopol  was  ranged  the  whole  military  power  of  liussia — 
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and  where,  if  there  had  been  as  many  thousands,  it  would 
have  saved  thousands  of  lives  and  millions  of  money. 

There  were  80  officers  of  engineers  sent  to  the  Crimea ; 
of  these  43  were  killed,  wounded,  and  put  Jiors  de  combat — a 
wholesale  slaughter  with  no  j'arallel.  Many  of  these  officers 
passed  in  that  inclement  season,  and  under  what  the 
Erench  call  "fire  of  hell,"  100  nights,  making  nearly  a 
third  of  the  whole  time  of  the  siege.  Under  that  fire  the 
executive  officers.  Chapman  and  Gordon,  erected  batteries 
of  so  substantial  a  character  that  they  were  not  damaged  by 
the  fire  of  the  enemy.  The  British  artillery  destroyed  the 
fire  of  Todtleben,  the  Eussian  artillery  swept  from  the  face 
of  the  earth  the  Erench  batteries,  but  no  missile  hurled 
against  the  English  batteries  stopped  for  one  single  moment 
their  steady,  sure,  and  onward  course.  Erom  the  first 
reconnaissance  of  Sebastopol,  Sir  J.  Burgoyne  perceived 
that  the  Malakhofi"  was  the  key  to  the  position  of  the  front 
attack,  and  he  so  represented  it  to  Lord  Eaglan. 

After  the  battle  of  Inkerman  he  again  impressed  on  the 
authorities  that  the  Malakhoflf  was  the  place  to  be  attacked. 
Upon  the  arrival  of  General  Niel,  the  French  aide-de-camp 
of  engineers  to  the  Emperor,  a  Mancil  of  war  of  the  allied 
engineers  was  held :  at  that  council  of  war  Sir  J.  Burgoyne 
again  represented  that  the  Malakhoff"  was  the  key  to  the 
position,  and  that  it  should  be  attacked.  After  the  council 
of  war  had  been  held,  wishing  to  place  on  record  his  opinion, 
he  reduced  it  to  writing,  and,  through  Lord  Baglan,  sent  it 
to  the  Erench  engineer,  General  Niel.  The  following  day 
General  Niel  called  a  council  of  Erench  engineers  to  take 
under  consideration  Sir  J.  Burgoyne's  memoir — they  pre- 
pared a  proces  verbal  of  what  there  took  place,  and  sent  a 
copy  of  it  to  Lord  Eaglan  for  Sir  J.  Burgoyne's  information. 
The  first  paragraph  of  that  proces  verbal  stated  that  the 
Malakhoft"  should  be  attacked  in  compliance  with  the  opinion 
of  Sir  J.  Burgoyne.     The  words  used  were  these : — 

"  II  rdsulte  des  dispositions  adoptees  en  conseil,  et  suivant 
le  voeu  exprime  par  le  Lieutenant- General  Sir  J.  Burgoyne, 
que  des  travaux  d'approche  devront  etre  executes  devant  la 
tour  Malakhoff",  afin  de  pouvoir  attaquer,  par  ce  point 
dominant,  le  faubourg  de  Karabelnaia,  en  meme  temps  qu'on 
donnera  I'assaut  h.  la  partie  ouest  de  la  ville." 

I  think,  therefore,  I  have  made  out  my  third  point,  and 
that  I  am  justified  in  claiming  the  discovery  of  the  key  to 
the  front  attacked  for  the  British  iinginiH;**.     N"ow  that  1 
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have  establislied  the  claim  of  the  British  Engineers  to 
the  merit  of  deciding  on  the  three  turning  points  of  this 
xvar — they  forming  a  part,  and  an  important  one,  of  the 
British  army — what  becomes  of  the  case  of  those  who  would 
seek  to  depreciate  the  services  of  the  British  army  in  the 
Crimea  ? 

APPENDIX. 

Mechanical  Roce:  Boring  and  Cutting. 

Since  the  date  of  Sir  John  F.  Burgoyne's  work  on  blasting,  im- 
provements of  the  highest  importance  and  interest  have  been  m&da 
ft-ad  practically  brought  into  operation  for  perforating  the  holes 
(jumper  holes)  for  blasting  in  rock,  or  for  actually  hewing  or  cutting 
out  into  blocks  the  softer  rocks ;  such  operations  being  indispensable 
preliminaries  to  blasting,  although,  as  m  the  case  of  coal-cutting  by 
machinery,  they  need  not  be  followed  by  the  use  of  gunpowder. 

We  can  only  incidentally  notice  these  improvements,  and  refer 
the  reader  to  works  in  which  an  account  of  them,  or  some  of  them, 
may  be  found ;  for  to  describe  them  in  detail  even  imperfectly 
would  be  to  greatly  increase  the  size  of  this  volume. 

Although  many  anterior  attempts  had  been  made,  and  with  some 
success,  to  produce  a  mechanical  rock  perforator,  it  was  the  necessity 
for  piercing  a  railway  tunnel  through  the  Alps  at  Mont  Cenis  that, 
between  the  years  1855  and  1860,  gave  the  decisive  impetus  to 
invention  for  the  purpose. 

The  earliest  successful  machine  was  produced  by  the  late 
Mr.  Thomas  Bartlett,  C.E,,  an  English  civil  engineer,  employed 
as  chief  agent  under  Messrs.  Brassey  and  Co.,  on  the  Victor 
Emmanuel  Railway.  It  was  exhibited  in  action,  with  steam  as 
the  motor,  and  afterwards  with  compressed  air  as  such,  before 
Count  Cavour  and  other  members  of  the  Italian  government,  per- 
forating rock  of  various  sorts  and  hardness,  in  the  neighbourhood 
of  Genoa.  Although  the  credit  as  well  as  the  profits  accruing  from 
this  great  advance  have  been  seized  by  others,  to  the  exclusion  of 
the  originator,  the  machines  at  this  time  employed  at  Mont  Cenis 
Tunnel  are  in  principle  and  almost  in  every  point  of  construction 
identical  with  those  of  Mr.  Bartlett.  The  machines  at  this  tunnel 
perforate  several  jumper  holes  simultaneously,  and  at  more  than 
three  times  the  rate  that  they  could  be  executed  by  hand  labour. 
Various  other  perforating  machines,  more  or  less  analogous  to 
these,  have  been  since  produced,  some  of  which  are  in  successfid 
i\m  in  mining  operations  in  Sweden  and  elsewhere. 

The  best  accounts  of  the  machines  in  all  their  details  will  bt? 
found  in  the  following  works : — 

1.  "  Relazione  della  direzione  Tecnica,  alia  direzione  general^ 
delle  strade  ferrate  dello  stato ;  sullo  Traf oro  deUe  Alpi  tra  IW- 
donneche  e  Modane."    4to.  Torino,  1863. 
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2.  "  Une  Visite  a  la  perc^e  du  Mont  Cenis."  Pai-  Paul  E^inanl, 
&c.     8vo.  Lyon,  1863. 

3.  "Notice  Historique  sur  la  perc^e  du  Mont  Cenis."  Par  J. 
Bonjean.     Svo.     Pouchet,  a  Charab^ry,  1863. 

4.  "Notice  Historique  et  Critique  sur  les  Machines  de  Com- 
pression d'Air  du  Mont  Cenis,"  &c.  Par  le  Marquis  Anatole  de 
Caligny.     4to.     Turin,  1860. 

6.  "  Theorie  du  compresseur  a  Colonne  d'Eau,  de  MM.  Som- 
meiller,  &c. ;  fonctionant  au  percement  des  Alpes."  Par  M.  de 
Saint- Robert.  M^moire,  Annales  des  Mines.  6ieme  s^rie,  torn,  iii., 
1863. 

6.  "  Rapport  du  Bureau  Central,  &c.,  sur  le  Projet  de  loi,  pom 
la  perc^e,  kc,  de  Senato  del  Regno."  Sessione  Parlamentare,  del 
1857.  No.  68,  bis.  (An  Italian  Parliamentary  Paper.  8vo.  Turin.) 

7.  "Application  de  la  Theorie  M^canique  de  la  Chaleur,  au 
Compresseur  Hydrauli^ue  du  Tunnel  des  Alpes."  Par  M.  A. 
Cazin.    Annales  des  Mines. 

To  these  we  have  to  add  the  following  in  English : — 

1.  *' Account  of  the  Works  of  the  Mont  Cenis  Tunnel,"  by 
M.  F.  Sopwith ;  which  will  soon  appear  in  the  Minutes  of  Pro- 
ceedings of  the  Institution  of  Civil  Engineers,  before  which  it  was 
read,  Session  of  1864—65. 

2.  "The  Practical  Mechanics'  Journal,"  in  which  several 
articles  in  the  years  1863 — 64 — 65  will  be  found  on  rock  per- 
forating and  coal-cutting  machines. 

As  regards  tools  for  rock  especially  hard  rock  perforation,  it 
may  be  stated  as  a  fundamental  principle  that  no  scraping  or 
cutting  tool  that  proposes  to  act  by  uniformly  continued  slow 
movement  can  ever  have  even  a  chance  of  success  as  a  rock  per- 
forator. For  this,  in  one  form  or  another,  perctisston  ia  indispen- 
sable, while  rocks  continue  to  consist  in  part  of  silex,  and  our 
available  tools  of  hai-dened  cast  steel.  Strike  the  rock,  and  the 
rigid  but  brittle  material  is  shattered  more  or  less,  while  the  less 
rigid  but  tougher  oast  steel  suffers  but  little ;  attempt  to  scrape 
away  or  cut  the  rock,  and  the  softer  material,  the  steel,  is  rapidly 
ground  away,  and  almost  no  impression  made  upon  the  harder  one, 
the  rock.  This  obvious  fundamental  principle  seems  to  have  been 
unknown  or  disregarded  in  all  earlier  attempts. 

The  Mont  Cenis  Tunnel  will  be  12,220  metres,  or  7-5932  English 
miles,  in  length. 

The  French  end  entrance  is  3,945  ft.  above  the  Mediterranean, 
and  the  Italian  entrance  4,379  ft.  above  the  same ;  while  the 
summit  above  of  the  Alpine  ridge  is  9,525  ft.  above  the  sea  level. 

The  tunnel  will  be  26  ft.  in  width  at  the  broadest,  and  25  ft.  3  in. 
at  the  level  of  the  rails,  with  a  height  of  24  ft.  7  in.,  the  transverse 
section  being  something  of  the  shape  of  a  compressed  parabola, 
though  formed  of  circular  segments  in  its  curved  perimeter. 

The  rocks  through  which  it  is  being  driven,  are  of  the  following 
sorts,  taking  our  departure  from  the  Fourneau,  or  Modane  end,  at 
the  north,  viz. : — 
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1.  Micaceous  and  talcose  sandstones,  slaty  and  twisted  in  structure. 

S.  Quartzites,  in  which  it  was  expected  to  have  encountered  a 
thick  bed  of  very  hard  quartz,  out  which  will  probably  now 
not  be  met  with,  as  the  expected  point  of  its  existence,  lis 
indicated  from  above,  has  been  already  passed. 

3.  Formations  of  gypseous  rocks,  with  much  anhydrite. 

4.  Limestones  of  tine  grain,  slaty  structure,  and  of  great  hard- 

ness, in  which  occur  some  seams  and  beds  that  look  at  fir.-t 
sight  almost  like  anthracite,  but  which  are  probably  only 
metamorphosed  black-shining  carbonaceous  shales. 

5.  Various  argillaceous  and  calcareous  schists,  with  siliceous 

veins,  &c. 

The  power  employed  at  Mont  Cenis  is  that  of  water.  As  it  falls 
from  the  opposite  sides  of  the  mountain,  it  is  intercepted  at  a 
Eufficient  height  to  afford  at  the  Bardonneche  end  a  head  of  85  feet ; 
a  less  one  only  could  be  obtained  at  the  Modane  end.  Two  sorts 
of  machines  are  in  operation,  by  which  air  is  compressed  to  a  ten- 
sion of  five  atmospheres  by  means  of  this  water  power.  At  the 
Bardonneche  end  these  are  of  the  sort  called  "<i  coups  de  belter. ^^ 
They  are  in  fact  gigantic  hydraulic  rams,  identical  in  principle  with 
that  of  Montgoltier  for  raising  water,  but  having  this  difference, 
that  here  the  entire  work — accumulated  in  a  given  volume  of  wfi'er 
caused  to  descend  through  a  given  fall  at  each  stroke — is  entirely 
expended  in  compressing  a  certain  volume  of  air  from  atmospheric 
pressure  to  that  state. 

Each  machine  is  a  U-shaped  syphon  pipe,  furnished  with  certain 
valves,  so  arranged  that  the  descending  column  of  water  in  one  leg, 
rising  into  the  other,  compresses  the  air  pent  between  it  and  the 
valves,  which,  near  the  top,  discharge  into  a  large  air-vessel.  When 
the  one  oscillation  of  the  descending  column  of  water  has  done  this 
work,  it  is  discharged  by  another  valve  at  the  lower  part  of  the 
syphon,  and  its  place  filled  with  air  ready  for  another  compression 
by  the  next  stroke.  There  are  twelve  or  more  of  these  belters,  all 
similar,  working  into  a  common  reservoir,  which  communicates  by 
a  pipe  7^  inches  diameter  with  the  remotest  interior  end  of  the 
tunnel  working  or  forehead.  The  main  pipe  of  each  helicj'  is  2  feet 
diameter,  with,  as  has  been  said,  85  feet  of  head,  and  communicating 
with  an  air-vessel  of  6(X)  cubic  feet  of  capacity.  Such  machines 
alone  were  employed  at  first.  Subsequently  at  both  ends  of  the 
tunnel,  air-compressing  pumps,  driven  by  water-wheels,  havb 
been  superadded.  At  the  Modane  end  85  feet  of  head,  which  is 
required  to  compress  the  air  to  5  atmospheres,  not  being  afforded 
by  nature,  water-wheels  were  established  by  the  engineers,  MM. 
Sommeiller  et  Grandis,  to  pump  water  up  to  that  elevation,  whence 
it  was  let  down  again  in  acting  upon  the  heliers — a  most  extraordi- 
nary example  of  mistaken  dynamics,  and  one  that  we  should  not 
have  been  prepared  to  find  practised  by  men  of  their  undoubted 
ability.  More  recently,  however,  this  has  been  altogether  abandoned 
at  this  end,  and  the  water-wheels  applied  directly  to  compress  tlio 
air  \>y  air-pumps. 
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These  pumps  have  two  horizontal  cylinders,  each  21^  inches 
diameter,  with  a  5-foot  stroke,  and  making  12  strokes  per  minute. 
The  pistons  do  not  act  upon  the  air  directly,  but  by  the  interven- 
tion of  an  oscillating  short  column  of  water  held  above  them, 
whereby  leakage  of  the  air  past  the  piston  is  avoided  in  great 
part.  The  air  thus  compressed  and  introduced  to  the  forehead,  is 
then  employed  (exactly  as  in  the  coal-cutting  machinery  of  Frith 
and  Donisthorpe,  described  in  the  "  Practical  Mechanics'  Journal," 
for  1864),  to  actuate  small  perforating  machines,  travelling  upon 
a  framework  on  wheels  and  railway,  laid  in  the  tunnel,  beneath 
which  is  the  air-pipe.  Each  machine  is  much  of  the  nature  of  a 
email  high-pressure  horizontal  steam  engine — the  prolonged  piston- 
rod  of  which  is  the  steel  drill  or  jumper,  bv  the  repercussion  of 
which  the  rock  is  perforated  for  the  admission  of  the  charges  of 
powder  by  which  the  forehead  ia  successively  blown  awaj. 

Each  machine  is  so  fixed  to  the  frame  that  the  direction  of  the 
blows  of  the  jumper  can  be  changed  and  fixed  at  will,  and  it  em- 
braces movements  by  which  the  jumper  la  twisted  slowly  on  its 
own  axis,  and  advanced  as  the  hole  deepens.  Each  machine  makes 
250  strokes  per  minute,  with  a  stroke  variable  from  2  inches  up  to 
7  inches.  The  striking  jdus  pressure  on  the  piston,  or  that  over 
and  above  the  back  pressure,  or  air-spring  which  brings  back  the 
piston  at  the  end  of  the  stroke,  is  216  lbs.  ,•  so  that,  at  f  uU  stroke, 
each  machine  is  equivalent  to  2*4  horse-power  in  action. 

From  the  7i-inch  maiii,  flexible  pipes  of  vulcanised  India  rubber, 
wrapped  with  wire  (to  enable  it  to  withstand  the  pressure),  and 
of  2  inches  internal  diameter,  supply  the  air  to  each  machine. 

There  are  eleven  of  th.e&e  percyuteurs  or  perforators  at  one  end, 
and  nine  of  them  at  the  other,  usually  at  work. 

A  large  close  vessel  of  water  accompanies  the  carrying-frame  at 
each  end,  and  is  in  communication  with  the  air-main,  so  that  n 
stream  of  water  under  a  pressure  of  five  atmospheres  is  constantly 
squirted  into  each  jumper-hole  while  in  progress,  and  washes  out 
the  debrh  away  from  the  cutting-edge. 

Each  machine  weighs  6  cwt.  They  are  so  frequently  shaken  to 
pieces,  or  damaged  more  or  less  by  the  recoil  of  the  rough  jarring 
blows  to  which  they  are  constantly  exposed,  that  it  is  necessary  to 
have  four  machines  always  imder  repair  for  one  in  action. 

About  eighty  jumper-holes  are  bored  j^arsew^  over  the  face  of  tho 
forehead  by  changing  the  position  of  the  several  machines  to  each 
shift.  When  these  are  bored,  each  from  two-thirds  to  a  metre  deep, 
the  whole  frame  with  the  machines  is  drawn  back  on  the  rails  about 
100  yards,  the  holes  are  all  charged  by  cartridges,  and  fired  nearly 
Bimultaneously.  A  pair  of  temporary  folding- doors,  in  advance  of 
the  place  of  the  machines,  are  closed,  to  prevent  injury  by  chance 
projectiles.  The  dihlais  is  removed  in  small  waggons,  on  side  rails, 
lis  soon  as  possible  after  the  explosion,  and  then  the  frame  and 
machines  are  run  up  again,  to  begin  work  anew. 

A  much  larger  jumper-hole  is  made  in  the  centre  of  the  face, 
and  it  is  thought  this  central  heavy  charge  is  of  great  value  in^ 
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removing  a  greater  depth  of  rock.  There  can  be  no  doubt  of  this 
within  certain  not  very  large  limits.  We  believe  the  very  best 
elfect  would  be  obtained  by  firing  all  the  charges  absolutely  simulta- 
neously by  galvanism,  for  which  instruments  are  provided  of  great 
simplicity  and  certainty.* 

As  regards  the  comparative  cost  of  this  method  and  of  hand- 
work, Mr.  Sopwith,  in  his  paper  read  before  the  Institution  of  Civil 
Engineers,  concludes  that  it  is  two  and  a  half  times  as  costly  fia 
the  same  result  obtained  by  hand  labour,  but  that  the  rate  of 
progress  is  three  times  as  fast.  We  must  say  we  were  unable  to 
agree  with  the  former  part  of  Mr.  Sopwith's  conclusion,  and  believe 
thi^t  his  estimate  greatly  overrates  the  cost.  To  justly  estimate  the 
comparative  cost,  the  time  of  final  completion  is  an  indispensable 
element,  in  the  enormous  sums  saved  in  interest  on  capital  and  in 
salaries,  &c,,  &c.,  on  the  one  hand,  and  by  hastening  of  the  period 
for  returns  by  traffic  begun,  upon  the  other. 

From  1858,  when  the  works  at  Mont  Cenis  were  nominally 
begun,  to  the  end  of  the  year  1862,  the  average  rate  of  progress  of 
the  tunnel  was  3,686  feet  per  day.  This  soon  after  reached  and 
exceeded  4  feet  per  day.  Still  more  recently,  however  (March, 
1865),  a  comparatively  soft  rock  has  been  entered  at  the  Modane 
end,  and  whereas  prior  to  this  the  best  rate  of  progress  anticipated 
was  at  the  average  of  800  metres  per  annum,  or  of  400  for  either 
end,  the  experience  at  the  Modane  end  has  since  been  that  this 
soft  rock  is  penetrated  at  the  rate  of  250  metres  per  month,  or  at 
that  of  3,000  metres  per  annum.  If  this  should  be  confirmed  and 
continued,  the  aperture  right  through  may  be  looked  for  within  the 
next  three  years,  or  three  and  a  half.  In  such  an  event,  what 
becomes  of  any  estimate  of  comparative  cost  which  leaves  out  of 
view  the  saving  of  perhaps  six  years'  interest  on  capital,  &c.,  and 
substitutes  on  the  other  side  probably  five  and  a  half  years'  profits 
of  traffic  ? 

The  cost  so  far  (i.e.  prior  to  the  soft  rock  being  found)  would 
appear,  according  to  Mr.  Sopwith,  to  be  about  £210  per  metre 
forward  on  the  French  end.  The  total  estimated  cost  of  the  work 
is  £2,600,000,  as  fixed  by  the  engineers  of  the  lines  at  the  French 
and  Italian  sides,  and  by  the  convention  as  to  payment,  entered 
into  by  these  respective  governments. 

The  jumper-holes  are  charged  with  powder  in  waterproof  cart- 
ridges, and  fired  either  by  fuse  or  galvanically.  For  some  advan- 
tageous arrangements  invented  and  employed  for  the  galvanic 
ignition  of  blasting  charges  in  jumper-holes,  by  Mr.  R.  Mallet,  C.E,, 
reference  may  be  made  to  his  paper  on  the  subject,  printed  in  the 
Transactions  of  the  Institution  of  Civil  Engineers  of  Ireland. 

On  the  subject  of  lock-hewing  machinery,  i.e.  machinery  fox 
cutting  out  thin  dividing  channels,  in  coal  particularly,  but  equally 
applicable  to  soft  rock,  such  as  our  Portland  or  Bath  stone,  or  the 
Caen  stone,  the  reader  will  find  a  good  deal  of  information  in  the 

*  Such  instruments,  the  invention  of  Mr.  Becker,  are  made  for  eale  by 
Messrs.  Elliott,  St.  Martin's  Lane,  London. 
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"Practical  Mechanics'  Journal"  for  1863— 64,  in  the  "Trans- 
actions of  the  Northern  Mining  Institute  "  for  March,  1866,  and 
in  the  printed  specifications  of  the  Patent  Office.  Not  less  than 
forty  or  tif  ty  different  patents  for  such  machinery  have  been  already 
taken  out  in  Great  Britain  only,  and  many  abroad.  Amongst 
these  various  machines.  Firth  and  Donnitethorpe's,  which  works 
with  compressed  air,  is  practically  one  of  the  most  tfuccessful.  It 
has  been  tried  in  Yorkshire  and  also  in  Durham  coal-seams  with 
perfect  success.  The  hydraulic  coal-cutting  machine  patented  by 
Messrs.  Garrett  and  Marshall,  of  Leeds,  engineers,  has  also  been 
worked  with  success  in  the  Kappax  Oollieiy,  near  Leeds.  It 
isolates  the  blocks  of  coal  ready  for  removal  at  about  one  half  the 
cost  of  manual  labour,  and  saves  more  than  18  per  cent,  of  the 
coal  at  present  wasted  totally  by  the  process  of  hand  hewing. 

This  machine  works  upon  a  principle  very  analogous  to  a  slot- 
ting machine  tool,  the  cutting  instruments  being  driven  forth 
and  retracted  by  water  pressure,  and  moving  at  a  moderate  velocity. 
This,  like  the  former  machine,  will  work  well  in  coal,  or  soft,  unsi- 
liceous  rock,  but  upon  the  fundamental  principle  already  adverted 
to,  this  last  machine  cannot  be  em]>loyed  in  any  hard  or  gritty 
rock,  or  in  one  of  very  uueven  or  crystalline  texture. 

It  would  be  foreign  to  the  direct  subject  of  this  volume,  however, 
to  go  more  at  length  into  this  latter  class  of  machines,  as  being 
but  indirectly  connected  with  the  subject  of  blasting. 

In  another  and  wholly  different  direction  a  good  deal  of  addi- 
tional light  has  been  thrown,  since  the  period  of  Sir  F.  Burgoyne's 
writing,  upon  the  advantages  (under  certain  circumstances  of  rock) 
of  substituting  for  jumper  operations  the  use  of  great  mines  for 
quarrying  purposes. 

Thus,  at  Holyhead  Quarries,  where  the  ro(?k  is  quartzite,  mines 
occasionally  of  four  or  five  headings,  and  charged  with  six  or  seven 
tons  of  gunpowder,  have  been  fired,  and  mines  of  one  or  two  tons 
are  a  thing  of  daily  routine  for  years  past. 

The  economy  in  labour  thus  effected  in  procuring  the  rock,  and  the 
advantage  in  obtaining  very  large  blocks  (fifteen  tons  being  aimed 
at),  are  very  great.  Some  account  of  these  operations  has  been  given, 
we  believe,  by  Mr.  Cousins,  C.E.,  the  intelligent  agent  of  Messrs. 
J.  and  C.  Rigby,  the  contractors  for  the  Asylum  Harbour,  at  Holy- 
head, for  the  formation  of  which  the  quarries  are  wrought.  Since 
the  appearance  of  this  work,  also,  the  whole  subject  of  gun-cotton, 
as  an  explosive  agent,  has  greatly  advanced,  and  there  appears 
good  ground  for  concluding  that  ultimately,  and  ere  very  long,  it 
may  be  foimd  a  far  more  econonomical  and  safe,  as  it  is  undoubt- 
edly a  far  more  powerful  explosive  agent  for  blasting,  or  for  mines 
in  rock,  than  the  ancient  agent,  gunpowder. 

Upon  this  part  of  the  subject  the  "  Transactions  of  the  British 
Association "  for  18a3,  1664,  and  1865,  the  Report  of  General 
Lenk,  of  the  Austrian  service,  and  various  military  and  ardHe— ' 
journals,  British  and  foreign,  during  the  last  three  years,  may 
consulted,  ii.  M. 
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\?x'rdpien,  blasting  in  the  granite 
quarries  of,  78. 

Air  pumps  used  in  tunnelling  Mont 
Cenis  described,  130. 

Angers,  slate  quarries  at,  83. 

Apparatus,  Vignoles  boring,  5. 

Arrangement  of  charges  for  blast- 
ing, 7. 

Arrows,  tamping,  53. 

Augers,  use  of  for  boring,  4. 

Baking,  slate  hardened  by,  83  n. 

Bangor,  slate  quarries  at,  described, 

Bartlctt's  rock  perforating  machine, 
127  J  works  containing  accounts 
of,  127. 

Batteries,  firing  mines  by  voltaic,  84; 
firing  trains  by  voltaic,  34. 

Bickford's  patent  fuse  described, 
30  n. ;  use  of,  30. 

Bickford's  sump  fuse,  32 ;  how  used,32. 

Blasting:  advantages  derived  from 
joints  in  the  rock,  14  :  boring  for, 
2  ;  results  of  boring  in  the  granite 
quarries  at  Dalkey,  3  ;  boring  out 
tamping,  4;  charges  of  powder 
for,  6,  24 ;  arrangement  of 
charges,  7 ;  proper  method  of 
arranging  the  charges  in  various 
cases,  9 ;  usual  charge,  9 ;  firing, 
31 ;  firing  in  shafts,  35  ;  firing  by 
voltaic  battery,  34. 

Blasting  in  deep  water,  32  ;  in  the 
granite  quarries  of  Aberdeen  and 
Peterhead,  78 ;  at  the  Holyhead 
quarries,  131  ;  in  the  Jumna,  and 
at  Delhi,  76. 

Blasting  limestone  of  the  Antrim 
coast,  78 ;  limestone  at  Plymouth, 
77,  79. 

Blidting,  loading  for,  described,  26. 

Blasting  at  Mont  Cenis,  131. 

Blasting  needle,  2. 

Blasting  powder,  experiments  on  the 
power  of^  18;  experiments  on  the 
strength  of  Government  and 
merchants'  powder,  20  ;  results,  21 

Blasting,     powder     best     for,     22 
quality  of  powder  for,  17  ;  space 


occupied  by  a  given  quantity  of 
powder,  16 ;  quarry  shields,  36 ; 
selection  of  holes  for,  5  ;  system  of, 
at  Gibraltar,  25;  tamping,  26, 
37  ;  ordinary  process  of  tamping, 
27 ;  evils  of  the  ordinary  process 
of  tamping,  27 ;  improvements  on 
the  ordinary  process  of  tamping 
29  ;  tamping  plugs,  50 ;  tools  for, 
2 ;  use  of  nitric  acid  to  form  a 
cavity  at  the  end  of  a  bore,  74  and 
16  n. ;  value  of  leaving  a  hollow 
space  above  the  charge  in,  23; 
Vignoles  boring  apparatus,  5 

Blasting  train,  described,  29. 

Boring  apparatus,  Vignoles,  5. 

Boring  for  blasting,  2  ;  churn  jump- 
ers, advantage  of,  4 ;  danger  of  re- 
boring  a  charged  hole,  4;  holes, 
selection  of,  for  boring,  5 ;  im 
proved  methods  of,  127  ;  method 
of  enlarging  the  inner  end  of  bore.s 
with  nitric  acid,  16  n.  and  p.  74  ; 
boring  out  tamping,  4;  use  of 
augers  for  boring  out  tamping,  4  ; 
results  of  boring  in  the  granite 
quarries  at  Dalkey,  3;  waste  of 
steel  and  iron  at  ditto,  3  ;  weight 
of  hammers  used  at  ditto,  3. 

Bridge  at  Duenas,  destruction  of, 
described.  111. 

Bridges,  attempted  destruction  of 
Hungarian,  115 ;  attempted  dti- 
struction  of,  over  the  Ticino,  117  ; 
method  of  mining,  109  ;  Spanish, 
described,  109  ;  system  followed  in 
the  destruction  of,  in  Spain,  109  ; 
wooden,  system  of  destroying,  114. 

Brick,  broken,  value  as  tamping,  46  ; 
experiment's  on,  47 ;  conclusions 
from  ditto,  49, 

Building,  stones  used  in,  88  ;  divisioTi 
of,  89;  granite,  89;  limestones. 
101 ;  magnesian  limestones,  lOL' ; 
results  of  Professor  DanicU's  ex- 
periments on,  105 ;  sandstones,  97 
serpentine  and  porphyry,  95;  platft, 
96. 

"Bulling "defined  79. 
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Canrett  and  Marshall's  coal-cutting 

machine,  131. 
Charges,  arrangements  of,  for  blast- 
ing, 7  ;  proper  method  of  arrang- 
ing the,  in  various  cases,  9 ;  usual, 
5. 
Chisel  quarrying,  2. 
Churn  jumpers,  3. 

Clay  tamping,  boring  out,  4  ;   table 
showing  the  value  of  clay  and  sand 
for,  37. 
Cliff,  removal  of  the  Round  Down, 

Dover,  84. 
Coal  cutting  machines,  131. 
Commercial-road  stoneway,  experi- 
ments made  on  the,  to  test  the 
wear  of  granite,  93. 
Cones,  use  of,  in  tamping,  51. 
Cornwall  granite,  described,  90. 
Cost  of  tunnelling,  72. 
Crimea,  services  of  the  Royal  Engi- 
neers in  the,  120. 
Dalkey,  results    of    boring    in    the 

granite  quaxries  at,  3. 
Danger  of  reboring  a  charged  hole,  4. 
Daniell's  experiments  on  the  stones 

used  in  building,  105. 
Delhi,  blasting  at,  described,  76. 
Destruction   of    bridges    in    Spain, 

described,  109. 
Double  tunnels,  63;   comparison  of 
the    advantages    of    single    and 
double,  64. 
Dover,  removal  of  the  Round  Down 

Cliff  at,  84. 
Drainage  of  tunnels,  68. 
Drenodrohur,  tunnel  at,  72  ;  cost  of 

ditto,  73. 
Duenas,  destruction  of  the  bridge  at, 

described.  111. 
Eisleben,  slate  quarries  at,  83. 
Electricity,  firing  mines  by  the  aid 

of  voltaic,  84. 
Engineer  department,  powder  used 

by  the,  for  blasting,  22. 
Engineers,  services  of  the  Royal,  in 

the  Crimea,  120. 
Eprouvetta  mortar,  described,  19. 
Eprouvette  gun,  described,  19. 
Experiments  on  the  power  of  blast- 
ing powder,  18 ;   on  the  strength 
of    Government  and    merchants' 
blasting  powder,  18 ;  results,  21. 
Felspar,  composition  of,  89. 
Firing  mines  by  voltaic  electricity, 

84. 
Firing  trains  by  voltaio  battery,  34. 


Floors  of  tunnels,  65. 

France,  slate  quarries  in,  83. 

French  method  of  ventilating  shafts, 
Ac,  71. 

Fuse,  Bickford's  patent,  30 ;  use  of, 
described,  30 ;  sump,  described,  32. 

Germany,  slate  quarries  in,  83. 

Gibraltar,  system  of  blasting  at,  25. 

Gneiss,  96. 

Granite  described,  89;  celebrated 
works  constructed  of,  90 ;  con- 
stituents of,  89 ;  Cornwall,  de- 
scribed, 90  :  Ferm,  described,  90 ; 
porphyry,  95 ;  quarries  of  Aber- 
deen and  Peterhead,  blasting  in 
the,  78  ;  resistance  to  crushing  of 
the  various  kinds  of,  in  use,  93, 
94  ;  results  of  boring  in,  3;  Scotch, 
described,  90;  serpentine,  95 ;  table 
of  the  results  of  the  wear  of  diffe- 
rent granites,  92  ;  Vale  stone,  92  ; 
water,  absorption  of,  by  Irish 
granite,  95 ;  wear  of,  93 ;  where 
found,  89. 

Gun-cotton  as  a  blasting  agent,  131. 

Gun,  Eprouvette,  19. 

Gunpowder,  see  Fotvder,  blasting. 

Guernsey  granite,  described,  90. 

Herm  granite,  described,  90. 

Holes,  boring,  for  blasting,  2 ;  danger 
of  reboring  charged,  4;  selection 
of,  for  boring,  5;  table  showing 
the  space  occupied  by  a  given 
quantity  of  powder  in  round,  lU  ; 
use  of  nitric  acid  to  enlarge  tho 
inner  end  of,  16  n.  and  74. 

Holyhead  quarries,  blasarg  at  the, 
131. 

Hornblende,  composition  of,  89. 

Hornstone,  96. 

Hungary,  attempted  destruction  oi 
bridges  in,  described,  115. 

Ilmenau,  slate  quarries  at,  83. 

Introductory  observations,  1. 

Irish  granite,  absorption  of  water 
by,  95. 

Joints,  advantage  derived  from,  in 
rocks.  14. 

Jumna,  blasting  in  the,  76. 

Jumpers,  2 ;  churn,  3 ;  advantage  of 
churn,  3. 

Kingstown  Harbour,  account  of  the 
use  of  the  patent  fuse  at,  30. 

Lavagna,  slate  quarry  at,  83. 

Liebhaber's  (Baron),  patent  for  «UJ- 
larging  the  inner  end  of  borvK  foi 
blasting,  75. 
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I-imestone,  blasting  the,  of  the  coast 
of  Antrim,  78 ;  blasting,  at  Ply- 
mouth, 77,  79 ;  cost  of  blasting, 
80. 

Limestones  and  oolites,  101 ;  analy- 
ses of,  101 ;  buildings  constructed 
of,  102;  composition  of,  102; 
weights  of,  101. 

Limestones,  magnesian,  analyses  of, 
102 ;  buildings  constructed  of,  103 ; 
composition  of,  103  ;  durability  of, 
103  ;  weight  of,  102. 

Line  of  least  resistance  defined,  5. 

Liverpool,  cost  of  the  railway  tunnel 
at,  73. 

Loading,  process  of,  26. 

Materials  most  suitable  for  tamping, 
59. 

Mines,  firing,  by  voltaic  electricity, 
84. 

Mines,  Mallet's  method  of  firing  gal- 
vaniually,  131. 

Mont  Cenis  Tunnel,  128 ;  blasting  at, 
described,  131  ;  machinery,  &f>., 
employed,  129;  air  pumps,  130; 
strata  to  be  passed  through,  129. 

Mortar,  eprouvette,  19. 

Needle,  blasting,  2 

Nelson's  memoranda  on  the  quarry- 
ing of  Plymouth  limestone,  79. 

Nitric  acid,  use  of,  for  forming  a 
cavity  at  the  end  of  a  bore,  16  «, 
74. 

Observations,  introductory,  1. 

Oolites,  see  Limestones. 

Packed  sand,  value  of,  for  tamping, 
44. 

Patents  for  rock-hewing  machinery, 
131. 

Percussion,  necessityof  tools  for  rock 
perforation  acting  by,  128. 

Perforators  employed  at  the  Mont 
Cenis  Tunnel  described,  ISO. 

Pesth,  attempted  destruction  of  the 
bridge  at,  115. 

Peterhead,    blasting  in  the  granite 
quarries  of,  78. 
I       "  Plug  and  Feather,"  cutting  with,  79. 

Plugs,  tamping,  described,  50 ;  re- 
sults of  experiments  with,  55. 

Plymouth,  blasting  limestone  at,  77, 
79 ;  cost,  80. 

Porphyrj',  95. 

Potstone',  95. 

Powder,  blasting :  best  for  blasting, 
22  ;  charges,  5,  24 ;  experiments 
on  the  power  of,  18;  experiments 


on  the  strength  of  GcvernmeDt 
and  merchants',  20;  results  of 
ditto,  21 ;  mixture  of  quicklime 
with,  24  ;  quality  of,  17  ;  sawdust, 
its  value  in,  22 ;  space  occupied  by 
any  given  quantity  of,  16  ;  used  by 
the  Royal  Engineer  department, 
22 ;  usual  charge,  5. 

Quality  of  powder  used  for  blasting, 
17. 

Quarries,  blasting  in  the,  of  Aber- 
deen and  Peterhead,  78. 

Quartz,  composition  of,  89. 

Quartz  rock,  96. 

Quarry,  rubbish,  use  of,  as  tamping, 
46. 

Quarry  shields,  36. 

Quarrying  slate,  81 ;  tools  for,  2. 

Quicklime,  mixture  of,  with  blasting 
powder,  24. 

Resistance,  line  of  least,  defined,  5. 

Rimogne,  slate  quarries  at,  83. 

Rock,  best  positions  to  operate  on,  9 

Rock,  advantages  of  joints  in  the,  14. 

Rock-hewing  machinery,  ISl. 

Rock  perforating  machinery,  Bart- 
lett's,  127. 

Rock  perforation,  necessity  of  tools 
fit,  acting  by  percussion,  128. 

Roofs  of  tunnels,  forms  of,  63. 

Round  Down  Cliff  described,  84  ;  re- 
moval of,  by  blasting,  described, 
85  ;  cartridges,  87  ;  cases  for  tlie 
charges,  87  ;  chambers  for  deposit- 
ing the  charges,  85  ;  charges,  85 ; 
conducting  wires,  86 ;  firing  the 
mines,  87 ;  mass  removed,  88 ; 
priming  wires,  87 ;  tamping,  87  ; 
voltaic  batteries  described,  86. 

Sand,  use  of,  for  tamping,  38 ;  ex- 
periments on  tamping  with  packed, 
44 ;  conclusions  from  ditto,  45 ; 
table  showing  the  comparative 
value  of  clay  and  sand  for  tamp- 
ing, 40. 

Sandstones,  97  ;  beds  of,  97  ;  chemi- 
cal analyses  of,  97  ;  durability  of, 
99 ;  resistance  of,  to  pressure,  99  ; 
selection  of,  for  building  purposes, 
98  ;  weight  of,  98. 

San  Martino,  attempted  destruction 
of  the  bridge  at,  117. 

Sawdust,  value  of  mixing,  with  blOit- 
ing  powder,  22. 

Scotch  granite  described,  90. 

Serpentine  described,  95;  whopo 
found,  95. 
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Shafts,  sinking,  66;  disadvantages 
of,  66  ;  firing  trains  in,  35. 

Shells,  experiments  on  the  strength 
of  Government  and  merchants' 
blasting  powder,  by  bursting,  20. 

Shields,  quarry,  ^6. 

Slate,  constituents  of,  96 ;  geological 
division  of,  96;  hardened  by 
baking,  83  n. ;  Irish  quarries,  97  ; 
quarries  in  England,  97;  Scotch 
quarries,  97. 

Slate  quarrying,  81 ;  at  Bangor,  82  ; 
in  France,  83 ;  geological  forma- 
tion, 82 ;  greenstone  dykes,  removal 
of,  83;  in  Italy,  83;  process  ex- 
plained, 82  ;  in  Switzerland,  83. 

Spanish  bridges  described,  109. 

Stone  tamping,  boring  out,  4. 

Stone,  broken,  as  tamping,  46 ;  ex- 
periments on,  47;  conclusions  from 
ditto,  35. 

Stones  used  in  building,  88 ;  division 
of,  89;  granite,  89;  limestones, 
101 ;  magnesian  limestones,  102  ; 
results  of  Professor  Daniell's  ex- 
periments on,  105  ;  sandstones,  97  ; 
/jrpentine  and  porphyry,  95 ;  slate, 
96. 

fStrata,  effects  of,  in  tunnelling,  67. 

Sump  fuse  described,  32. 

Switzerland,  slate  quarries  in,  83. 

Table  of  the  power  of  blasting  pow- 
der, 18 ;  of  experiments  on  the 
comparative  strength  of  Govern- 
ment and  merchants'  blasting  pow- 
der, 20 ;  showing  the  space  occu- 
pied by  any  given  quantity  of 
powder  in  round  holes,  16  ;  of  the 
wear  of  different  granites,  92 ; 
showing  the  resistance  to  crushing 
of  the  various  kinds  of  granite  in 
use,  93  ;  showing  the  resistance  to 
pressure  of  sandstones,  100 ;  show- 
ing the  value  of  sand  and  clay  for 
tamping,  40;  of  experiments  show- 
ing the  value  of  packed  sand  for 
tamping,  44 ;  showing  the  results 
of  experiments  on  tamping  with 
broken  brick  and  stone,  47  ;  show- 
ing the  results  of  experiments  with 
tamping  plugs  of  different  forms, 
r)6. 

Taaiping  described,  26,  37 ;   bonng 


out,  4 ;  broken  brick,  46 ;  broker 
stone,  46  ;  materials  for,  37  ;  ob- 
servations on  the  materials  most 
suitable  for,  59 ;  plugs,  50 ;  results 
of  experiments  with  plugs,  55 ;  use 
of  sand  for,  38;  experiments  on 
the  relative  value  of  sand  and  clay 
for,  40  ;  experiments  on  the  value 
of  packed  sand  for,  44;  conclu- 
sions from  ditto,  45. 

Ticino,  attempted  destruction  of  thg 
bridge  over  the,  near  Magenta,  do- 
scribed,  117. 

Tools  for  blasting,  2  ;  for  quarrjing, 
2. 

Train  for  firing  charges,  29 

Trains,  firing,  34. 

Tremenhere,  Lieut.,  blasting  opera- 
tions in  the  Jumna  and  at  Delhi, 
76. 

Tunnelling:  at  Mont  Cenis,  128  ;  cost 
of,  72 ;  cost  of  the  road  tunnel 
of  Drenodrohur,  72;  cost  of 
the  railwav  tunnel  at  Liverpool, 
73;  difficulties  of,  60;  dimen- 
sions of  tunnels,  62 ;  double 
tunnels,  63 ;  comparison  of  the 
advantages  of  single  and  double 
tunnels,  64 ;  drainage  of  tunnels, 
68  ;  effects  of  strata,  67  ;  floors  of 
tunnels,  65 ;  form  of  roof  of  tun- 
nels, 63 ;  incline  of  tunnels,  68  n. ; 
process  of,  61 ;  shafts,  sinking,  G6  ; 
arrangements  for  ditto,  66 ;  dis- 
advantages of  ditto,  66;  ventila- 
tion of  tunnels,  69  ;  apparatus  for 
the  ventilation  of  tunnels,  71- 

Vale  stone  granite,  described,  92. 

Ventilation  of  tunnels,  69 ;  apparatus 
for  the,  71. 

Vernon,  Captain,  on  the  services  of 
the  Royal  Engineers  in  the  Crimea. 
120. 

Vialet's  method  of  hardening  slate  by 
baking,  83  n. 

Vignole's  boring  apparatus,  5. 

Voltaic  battery,  firing  trains  with 
the,  34  ;  firing  mines  by,  84. 

Water,  absorption  of,  by  Irish  granito 
95  ;  blasting  in  deep,  32. 

Whetstone  slate,  96. 

Wooden  bridges,  system  of  destr-jy 
ing,  114. 
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31.  WELLS  AND  WELL-SINKING.    By  John  Geo.  Swindell, 

A.R.I.B.A.,  and  G.  R.  Burnell,  C.E.    Revised  Edition.    With  a  New 
Appendix  on  the  Qualities  of  Water.    Illustrated.    2s. 
35.  THE    BLASTING    AND    QUARRYING    OF  STONE,    for 

Building  and  other  Purposes.     By  Gen.  Sir  J.  Burgoyne,  Bart.     is.  6d. 

43.  TUBULAR,  AND  OTHER  IRON  GIRDER  BRIDGES,^zx- 

ticularly  describing  the  Britannia  and  Conway  Tubular  Bridges.  By  G. 
Drysdale  Dempsey,  C.E.     Fourth   Edition.     2s. 

44.  FOUNDATIONS  AND  CONCRETE  WORKS,  with  Practical 

Remarks^  on  Footings,  Sand,  Concrete,  Beton,  Pile-driving,  Caissons,  and 
Cofferdams,  &c.    By  E.  Dobson.     Fifth  Edition,     is.  6d. 

60.  LAND  AND  ENGINEERING  SURVEYING.   By  T.  Baker, 

C.E.    Fourteenth  Edition,  revised  by  Professor  J.  R.  Young,     zs.t 
8o*.  EMBANKING  LANDS  FROM  THE  SEA.     With  examples 
and  Particulars  of  actual  Embankments,  &c.    By  J.  Wiggins,  F.G.S.    2s. 
81.   WATER   WORKS,  for  the  Supply  of  Cities  and  Towns.     With 
a  Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water,  &c.    By  S.  Hughes,  C.E.    New  Edition.    45.^ 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 
of.    By  David  Stevenson,  F.R.S.E.,  &c.    Plates  and  Diagrams.    3s. 

167.  IRON  BRIDGES,  GIRDERS,  ROOFS,  AND  OTHER 
WORKS.    By  Francis  Campin,  C.E.    2s.  6d.t 

197.  ROADS  AND  STREETS.  By  H.  Law,  C.E.,  revised  and 
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Asphalte,  &c.    4s.  6d.t 
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tries.    By  Edward  Dobson,  Assoc.  Inst.  C.E.    4s.  6d.1: 

216.  MATERIALS  AND  CONSTRUCTION ;  A  Theoretical  and 
Practical  Treatise  on  the  Strains,  Designing,  and  flection  of  Works  of  Con- 
struction. By  Francis  Campin,  C.E.    Second  Edition,  revised.    35.^: 

219.  CIVIL  ENGINEERING.  By  Henry  Law,  M.Inst.  C.E. 
Including  Hydraulic  Engineering  by  Geo.  R.  Burnell,  M.Inst.  C.E. 
Seventh  Edition,  revised,  with  large  additions  by  D.  Kinnear  Clark, 
M.Inst.  C.E.    6s.  6d.,  Cloth  boards,  7s.  6d. 

268.  THE  DRAINAGE  OF  LANDS,  TOWNS,  dr'  BUILDINGS. 
By  G.  D.  Dempsey,  C.E.  Revised,  with  large  Additions  on  Recent  Practice 
in  Drainage  Engineering,  by  D.  Kinnear  Clark,  M.I.C.E.   Second  Edition, 

Corrected.    4s.  6(1. J:  {Jtist  Publtshed. 
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MECHANICAL   ENGINEERING,   ETC. 

33.  CRANES,  the  Construction  of,  and  other  IMachinery  for  Raising 

Heavy  Bodies.    By  Joseph  Glynn,  F.R.S.    Illustrated,     is.  6d. 

34.  THE  STE A  AI  ENGINE.  By  Dr.  Lardner.   Illustrated,    is.  6d. 
59.  STEAM  BOILERS :   their  Construction  and  Management.     By 

R.  Armstrong,  C.E.    Illustrated,     is.  6d. 
82.  THE  POWER  OF  WATER,  as  applied  to  drive  Flour  Mills, 

and  to  g-ive  motion  to  Turbines,  &c.     By  Joseph   Glynn,  F.R.S.     2s.t 

98.  PRACTICAL  MECHANISM,  the  Elements  of;    and  Machine 

Tools.    By  T.  Baker,  C.E.    With  Additions  by  J.  Nasmyth,  C.E.    2s.  6d.t 

139.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theory 

of,  with  Rules  and  Examples  for  Practical  Men.    By  T.  Baker,  C.E.    is.  6d. 

164.  MODERN   WORKSHOP  PRACTICE,   as  applied  to   Steam 

Enq:ines,  Bridges,  Ship-building,  Cranes,  &c.    By  J.  G.  Winton.     Fourth 
Edition,  much  enlarged  and  carefully  revised.     3s.  6d.t     \Just  published. 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Girders.    By  J.  Armour.    2S.  6d.t 

166.  POWER  IN  MOTION :  Horse-Power,  Toothed- Wheel  Gearing, 

Long-  and  Short  Driving  Bands,  and  Angular  Forces.  By  J.  Armour,  2s.  J 
171.  THE      WORKMAN S     MANUAL      OF    ENGINEERING 
DRAWING.    ByJ.MAXTON.   6th  Edn.    With  7  Plates  and  350  Cuts.  3s.  6d.* 
190.    STEAM    AND    THE     STEAM   ENGINE,  Stationary    and 
Portable.     Being  an  Extension  of  the  Elementary  Treatise  on  the  Steam 
Engine  of  Mr.  John  Sewell.    By  D.  K.  Clark,  M.I.C.E.    3s.  6d.J 
200.  FUEL,   its  Combustion  and  Economy.      By  C.  W.  Williams 

With  Recent  Practice  in  the  Combustion  and  Economy  of  Fuel — Coal,  Coke 
Wood,  Peat,  Petroleum,  &c.— by  D.  K.  Clark,  M.I.C.E.     3s.  6d.t 

202.  LOCOMOTIVE  ENGINES.  By  G.  D.  Dempsey,  C.E. ;  with 
large  additions  by  D.  Kinnear  Clark,  M.I.C.E.    i%.X 

211.  THE  BOILERMAKER'S  ASSISTANT  in  Drawing,  Tem- 
plating,  and  Calculating  Boiler  and  Tank  Work.  By  John  Courtney, 
Practical  Boiler  Maker.    Edited  by  D.K.  Clark,  C.E.    100  Illustrations.  2s. 

217.  SEWING  MACHINERY :  Its  Construction,  History,  &c.,  with 
full  Technical  Directions  for  Adjusting,  &c.   By  J.  W.  Urquhart,  C.E.  2s4 

223.  MECHANICAL  ENGINEERING.  Comprising  Metallurgy. 
Moulding,  Casting,  Forging,  Tools,  AVorkshop  Machinery,  Manufacture  of 
the  Steam  Engine,  &c.    By  Francis  Campin,  C.E.   Second  Edition.  2s.  6d.1: 

236.  DETAILS    OF  MACHINERY.      Comprising  Instructions  fot 

the  Execution  of  various  Works  in  Iron.    By  Francis  Campin,  C.E.     35.* 

237.  THE  SMITHY  AND  FORGE;  including  the  Farrier's  Art  and 

Coach  Smithing.    By  W.  J.  E.  Crane.     Illustrated.     2S.  6d.t 

238.  THE  SHEET-METAL  WORKER'S  GUIDE;  a  Practical  Hand- 

book for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.    With  94  Diagrams  and 
Working  Patterns.     By  W.  J.  E.  Crane.     Second  Edition,  revised,     is.  6d. 

251.  STEAM  AND  MACHINERY  MANAGEMENT:  with  Hints 

on  Construction  and  Selection.    By  M.  Powis  Bale,  M.I.M.E.    2S.  6d.t 

254.  THE    BOILERMAKER'S    READY-RECKONER.      By   J. 

Courtney.      Edited  by  D.  K.  Clark,  C.E.     4s.,  limp ;  5s.,  half-bound. 

255.  LOCOMOTIVE  ENGINE-DRIVING.    A  Practical  Manual  for 

Engineers  in  charge  of  Locomotive  Engines.   By  Michael  Reynolds,  M.S.E. 
Eighth  Edition.     3s.  6d.,  limp  ;  4s.  6d.  cloth  boards. 

256.  STATIONARY  ENGINE-DRIVING.    A  Practical  Manual  for 

Enginviers  in  charge  of  Stationary  Engines.    By  Michael  Reynolds,  M.S.E. 
Third  Edition.     3s.  6d.  limp  ;  4s.  6d.  cloth  boards. 

260.  IRON  BRIDGES  OF  MODERATE  SPAN:  their  Construc- 
tion and  Erection.     By  Hamilton  W.  Pendred,  C.E.     2s. 


i 


'^  The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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WEALE  S   RUDIMENTARY   SERIES* 


MINING,    METALLURGY,    ETC. 

4.  MINERALOGY,  Rudiments  of;  a  concise  View  of  the  General 
Properties  of  Minerals.  Ky  A.  Ramsay,  F.G.S.,  F.R.G.S.,  &c.  Third 
Edition,  revised  and  enlarged.     Illustrated.     3s.  6d.t 

117.  SUBTERRANEOUS  SURVEYING,  with  and  without  the  Mag- 
netic  Needle.    By  T.  Fhnwick  and  T.  Baker,  C.E.     Illustrated,    as.  6d.  X 

133.  METALLURGY  OF  COPPER.    By  R.  H.  Lamborn.    2s.  6d.J 
135.  ELECTRO-METALLURGY;  Practically  Treated.     By  Alex- 
ANDER  Watt.     Ninth  Edition,  enlarged  and  revised,  with  additional  Illus- 
trations, and  including  the  most  recent  Processes.    3s.  6d.J 

172.  MINING  TOOLS,  Manual  of.    For  the  Use  of  Mine  Managers, 
Agents,  Students,  &c.    By  William  Morgans.    2s.  6d. 
172*.  MINING  TOOLS,  ATLAS  oi  Engravings  to  Illustrate  the  above, 
containing  235  Illustrations,  drawn  to  Scale.    4to.    4s.  6d. 

176.  METALLURGY  OF  IRON.  Containing  History  of  Iron  Manu- 
facture.  Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  8cc.  By  H.  Bauerman,  F.G.S.  Sixth  Edition, 
revised  and  enlarged.    ss4  [Just  published. 

180.  COAL  AND  COAL  MINING.  By  Sir  Warington  W.  Smyth, 

M.A.,  F.R.S.     Seventh  Edition,  revised.     3s.  6d.t  \  Just  Published. 

195.  7 HE    MINERAL     SURVEYOR   AND    VALUER'S    COM. 

PLETE  GUIDE.    By  W.  Lintern,  Mining  Engineer.     Third  Edition,  with 

an   Appendix  on  Magnetic  and  Angular    Surveying.    With   Four  Plates. 

3s.  6d.$  IJust Published. 

214.  SLATE  AND  SLATE  ^Z7^/?7?F/A^6:,  Scientific,  Practical,  and 

Commercial.     By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  8rc.    3s.t 
264.  A  FIRST  BOOK  OF  MINING  AND  QUARRYING,  with  the 

Sciences  connected  therewith,  for  Primary  Schools  and  Self  Instruction.    By 
J.  H.  Collins,  F.G.S.     Second  Edition,  with  additions,     is.  6d. 

ARCHITECTURE,  BUILDING,  ETC. 

16.  ARCHITECTURE— ORDERS— T\iQ  Orders  and  their  Esthetic 

Principles.     By  W.  H.  Leeds.     Illustrated,    is.  6d. 

17.  ARCHITECTURE— STYLES— T\i&  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  tha 
Pijesent  Period.     By  T.  Talbot  Bury,  F.R.I. B.A.,  &c.     Illustrated.    2s. 
%*  Orders  and  Styles  of  Architecture,  in  One  Vol.,  35.  td. 

18.  ARCHITECTURE— DESIGN— Tci^   Principles    of   Design    in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  the 
Greek  and  Gothic  Architects.  By  E.  L.  Garbett,  Architect.  Illustrated.  2s.6d. 
•«•  The  three  preceding:  Works,  in  One  handsome  Vol.,  half  bound,  entitled 
"Modern  Architecture," /r/c^  ds, 

22.  THE  ART  OF  BUILDING,  Rudiments  of.  General  Principles 
of  Construction,  Materials  used  in  Building,  Strength  and  Use  of  Materials, 
Working  Drawings,  Specifications,  and  Estimates.      By  E.  Dobson,  2s4 

25.  MASONRY  AND  STONE  CUTTING :  Rudimentary  Treatise 
on  the  Principles  of  Masonic  Projection  and  their  application  to  Con- 
struction.   By  Edward  Dobson,  M.R.I.B.A.,  &c.    2s.  6d.t 

42.  COTTAGE  BUILDING.      By  C.    Bruce    Allen,  Architect. 

Tenth  Edition,  revised  and  enlarged.  With  a  Chapter  on  Economic  Cottages 

for  Allotments,  by  Edward  E.  Allen,  C.E.     2s. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTERING,  &c.    By  G.  R.  Burnell,  C.E.    Thirteenth  Edition,    is.  6d. 

57.   WARMING  AND    VENTILATION.     An   Exposition   of  the 

General  Principles  as  applied  to  Domestic   and   Public  Buildings,  Mines, 

Lighthouses.  Ships.  See.     By  C.  Tomi.tnson.  F.R.S. .  &c.     Illustrated.     3s. 

g^T"  The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  td.  extra 
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Architecture,  Building,  etc.,  continued. 

III.  ARCHES,  PIERS,  BUTTRESSES,  &'c.:  Experimental  Essays 

on  the  Principles  of  Construction.     By  W.  Bland.    Illustrated,    is.  6d. 
11 6.  THE   ACOUSTICS    OF    PUBLIC    BUILDINGS;    or,   The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the  Architect  and 
Builder.    By  T.  Roger  Smith,  M.R.I. B.A.,  Architect.    Illustrated,    is.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  Richardson,  Architect.    Illustrated,     is.  6d. 

128.  VITRUVIUS—THE     ARCHITECTURE      OF     MARCUS 

VITRUVIUS  POLLO.  In  Ten  Books.  Translated  from  the  Latin  by 
Joseph  Gwilt,  F.S.A.,  F.R.A.S.    With  23  Plates.    5s. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in  ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.     By  the  Earl  of  Aberdeen,    is. 
•»•  The  two  preceding  Works  in  One  handsome  Vol.,  half  bound,  entitled  "Ancient 
Architecture,"  ^rice  6s, 

132.  THE  ERECTION  OF  DWELLING-HOUSES.  Illustrated  by 
a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a  pair  of  Semi- 
detached Villas,  with  the  Specification,  Quantities,  and  Estimates,  &c.  By 
S.  H.  Brooks.    New  Edition,  with  Plates.    2s.  6d.t 

156.  QUANTITIES  ^  MEASUREMENTS  m  Bricklayers',  Masons', 

Plasterers',  Plumbers',  Painters',  Paperhangers',  Gilders'.  Smiths',  Carpenters' 
and  Joiners'  Work.    By  A.  C.  Beaton,  Surveyor.    New  Edition,     is.  6d. 
175.  LOCKWOOD'S  BUILDER'S  PRICE  BOOK  FOR  1890.     A 

Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers,  and  Contractors.  Re-constructed,  Re-written,  and 
greatly  Enlarged.  By  Francis  T.  W.  Miller,  A.R.I.B.A.  640  pages. 
3S.  6d.1:  {Just  published. 

182.  CARPENTRY  AND  JOINERY— "IwfL  Elementary    Prin« 

ciPLKS   OF   Carpentry,      Chiefly  composed  from   the   Standard  Work    of 
Thomas  Tredgold,   C.E.    With   a  TREATISE    ON    JOINERY   by   E. 
WvNDHAM  Tarn,  M.A.    Fourth  Edition,  Revised.    3s.  6d.t 
182*.  CARPENTRY  AND  JOINERY.      ATLAS  of  35  Plates  to 

accompany  the  above.    With  Descriptive  Letterpress.    4to.  6s. 
185.  THE  COMPLETE  MEASURER  ;  the  Measurement  of  Boards, 
Glass,  &c.;  Unequal-sided,  Square-sided,  Octagonal-sided,  Round  Timber 
and    Stone,   and   Standing   Timber,   &c.      By    Richard    Horton.      Fifth 
Edition.     4s. ;  strongly  bound  in  leather,  ss. 

187.  HINTS   TO    YOUNG  ARCHITECTS.     By  G.  WiGHTWiCK. 

New  Edition.     By  G.  H.  Guillaume.     Illustrated.     39.  6d.t 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING  :  with  a  Course  of  Elementary  Drawing  for  House- Painters,  Sign- 
Writers,  &c.,  and  a  Collection  of  Useful  Receipts.  By  Ellis  A.  Davidson. 
Fifth  Edition.    With  Coloured  Plates,     5s.  clotb  limp  ;  6s.  cloth  boards. 

189.  THE    RUDIMENTS    OF    PRACTICAL    BRICKLAYING. 

In  Six  Sections  :  General  Principles  ;  Arch  Drawing,  Cutting,  and  Setting ; 
Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plastering:  Practical 
Geometry,  Mensuration,  &c.    By  Adam  Hammond.    Seventh  Edition,    is.  6d. 

191.  PLUMBING.     A  Text-Book  to  the  Practice  of  the  Art  or  Craft  ot 

the  Plumber.  With  Chapters  upon  House  Drainage  and  Ventilation.  Fifth 
Edition.     With  380  Illustrations.     By  W.  P.  Buchan.    3s.  6d.t 

192.  THE    TIMBER   IMPORTER'S,  TIMBER  MERCHANTS, 

and  BUILDER'S  STANDARD  GUIDE.     By  R.  E.  Grandy.    2s. 

206.  A  BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including 
Church  Restoration.  With  the  Theory  of  Domes  and  the  Great  Pyramid^ 
&c.   By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  Q.C.,  F.R.A.S.    4s.  6d.t 

226.  THE  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 

Construction  of  various  kinds  of  Engineering  and  Architectural  Works.  By 
WyvillJ.  Christy,  Architect.  With  upwards  of  160  Engravings  on  Wood.  3s.* 

8^"  The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Architecture,  Building,  etc.,  continued. 

228.  THE  CONSTRUCTION  OF  ROOFS  OF  WOOD  AND  IRON. 

By  E.  Wyndham  Tarn,  M.A.,  Architect.  Second  Edition,  revised,    is.  6d. 

229.  ELEMENTARY  DECORATION :   as  applied  to  the  Interior 

and  Exterior  Decoration  of  Dwelling-Houses,  &c.     By  J.  W.  Facby.    2S. 

257.  PRACTICAL  HOUSE  DECORATION.    A  Guide  to  the  Art 

of  Ornamental  Painting.     By  James  W.  Facey.    2s.  6d. 
•**  T/ie  iwo  preceditip:  Works,  in  One  handsome  Vol.,  half-bound,  entitled  "  Hovsv. 
Decoration,  Elementary  and  Practical,"  price  $s. 

230.  HANDRAILING.    Showing  New  and  Simple  Methods  for  finding 

the  Pitch  of  the  Plank.  Drawing  the  Moulds,  Bevelling,  Jointing-up,  and 
Squaring  the  Wreath.    By  George  Collings.    Plates  and  Diagrams.    is.6d, 

247.  BUILDING  ESTA  TES :  a  Rudimentary  Treatise  on  the  Develop- 

ment, Sale,  Purchase,  and  General  Management  of  Building  Land.  By 
Fowler  Maitland,  Surveyor.    Second  Edition,  revised.    2s. 

248.  PORTLAND   CEMENT  FOR    USERS.    By  Henry  Faija, 

Assoc.  M.  Inst.  C.E.     Second  Edition,  corrected.     Illustrated.     2S. 

252.  BRICKWORK :    a  Practical  Treatise,    embodying  the  General 

and  Higher  Principles  of  Bricklaying,  Cutting  and  Setting,  &c.  By  F. 
AValker.     Second  Edition,  Revised  and  Enlarged,     is.  6d. 

23.  THE  PRACTICAL  BRICK  AND  TILE  BOOK.  Comprising: 
189.      Brick  and  Tile  Making,  by  E.  Dobson,  A.I.C.E.;  Practical  Bricklay- 
252.      ING,  by  A.  Hammond  ;  Brickwork,  by  F.  Walker.    550  pp.  with  270  Illus- 
trations.   6s.     Strongly  half-bound. 

253.  THE    TIMBER   MERCHANT'S,    SAW-MILLER'S,    AND 

IMPORTER'S  FREIGHT-BOOK  AND  ASSISTANT.  By  Wm.  Rich- 
ardson. With  a  Chapter  on  Speeds  of  Saw-Mill  Machinery,  &c.  By 
M.  Powis  Bale,  A.M.Inst.C.E.     3s.t 

258.  CIRCULAR    WORK  IN    CARPENTRY  AND   JOINERY. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature. 
By  George  Collings,  Author  of  "A  Treatise  on  Handrailing."      2s.  6d. 

259.  GAS    FITTING:     A  Practical    Handbook    treating    of    every 

Description  of  Gas  Laying  and  Fitting.  By  John  Black.  With  122  Illus- 
trations.    2s.  6d.t 

261.  SHORING  AND  ITS  APPLICATION :  A  Handbook  for  the 
Use  of  Students.    By  George  H.  Bi.agrove.     is.  6d.       \_J71si  published. 

265 .  THE  AR  T  OF  PR  A  CTICA  L  BRICK  CUTTING  6-  SE  TTING. 
By  Adam  Hammond.    With  90  Engravings,     is.  6d.  \^ust  piiblished. 

267.  THE  SCIENCE  OF  BUILDING :  An  Elementaiy  Treatise  on 
the  Principles  of  Construction.  Adapted  to  the  Requirements  of  Architec- 
tural Students.  By  E.  Wyndham  Takn,  M.A.  Lond.  Third  Edition,  Revised 
and  Enlarged.     With  59  Wood  Engravings.     3s.  6d.+         {Just published. 


SHIPBUILDING,    NAVIGATION,   MARINE 
ENGINEERING,   ETC. 
Si»  NA  VAL  ARCHITECTURE.    An  Exposition  of  the  Elementary 
Principles  of  the  Science,  and  their  Practical  Application  to  Naval  Construc- 
tion.    By  J.  Peakk.    Fifth  Edition,  with  Plates  and  Diagrams.    3s,  6d.t 
53*.  SHIPS  FOR  OCEAN  <5r-  RIVER  SER  VICE,  Elementary  and 
Practical  Principles  of  the  Construction  of.    By  H.  A.  Sommerfeldt.    is.  6d. 
53**.  AN  ATLAS  OF ENGRA  VINGS  to  Illustrate  the  above.  Twelve 

large  folding  plates.     Royal  4to,  cloth.     7s.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 
Also  Tables  of  Spars,  Rigging,  Blocks ;   Chain,  Wire,  and  Hemp  Ropes, 
&c.,  relative  to  every  class  of  vessels.    By  Robert  Kipping,  N.A.    2S. 
54*.  IRON  SHIP-BUILDING.  With  Practical  Examples  and  DetaUs, 
By  John  Grantham,  C.E.    5th  Edition.    4s. 


8S^  The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Shipbuilding,  Navigation,  Marine  Engineering,  etc.,  cont. 
55.  THE   SAILOR'S   SEA   BOOK:   a    Rudimentary  Treatise    on 
Navigation.    By  James  Greenwood,  B.A.    With  numerous  Woodcuts  and 
Coloured  Plates.     New  and  enlarged  edition.     By  W.  H.  Rosser.    2S.  6d.t 

80.  MARINE  ENGINES  AND  STEAM  VESSELS.    By  Robert 

Murray,  C.E.  Eighth  Edition,  thoroughly  Revised,  with  Additions  by  the 
Author  and  by  George  Carlisle,  C.E.,  Senior  Surveyor  to  the  Board  of 
Trade,  Liverpool.     4s.  6d.  limp  ;  ss.  cloth  boards. 

835W.  THE  FORMS  OF  SHIPS  AND  BOATS.      By  W.  Bland. 

Seventh  Edition,  Revised,  with  numerous  Illustrations  and  Models,   is.  6d. 
99.  NAVIGATION  AND  NAUTICAL  ASTRONOMY^  in  Theory 
and  Practice.    By  Prof.  J.  R.  Young.    New  Edition.    2s.  6d. 
106.  SHIPS'  ANCHORS,  a  Treatise  on.   By  G.  Cotsell,  N.A.    is.  6d. 
149.  SAILS  AND  SAIL-MAKING.   With  Draughting,  and  the  Centre 
of  Effort  of  the  Sails  ;   Weights  and  Sizes  of  Ropes  ;    Masting,  Rigging, 
and  Sails  of  Steam  Vessels,  &c.   12th  Edition.  ByR.  Kipping.  N.A.,   as.  6d.t 
155.  ENGINEER'S  GUIDE  TO  THE  ROYAL  <2r-  MERCANTILE 
NAVIES.    By  a  Practical  Engineer.    Revised  by  D.  F.  M'Carthy.    3s. 
55    PRACTICAL    NAVIGATION.      Consisting    of   The    Sailor's 
^       Sea-Book.     By  James  Greenwood  and  W.  H.  Rosser.      Together  with 
-„ .      the  requisite  Mathematical  and  Nautical  Tables  for  the  Working  of   the 
^"4*    Problems.     By  H.  Law,  C.E.,  and  Prof.  J.  R.  Young.    7s.    Half-bo\ind. 


AGRICULTURE,  GARDENING,  ETC. 
bi*.A  COMPLETE  READY  RECKONER  FOR  THE  ADMEA. 

SUREMENT   OF   LAND,  &c.      By  A.  Arman.     Third  Edition,  revised 

and  extended  by  C.  Norris,  Surveyor,  Valuer,  &c.  2s. 
131.  MILLER'S,     CORN    MERCHANT'S,    AND    FARMER'S 

READY  RECKONER.     Second  Edition,  with  a  Price  List  of  Modern 

Flour-Mill  Machinery,  by  W.  S.  Hutton,  C.E.    2S. 

140.  SOILS,  MANURES,   AND   CROPS.    (Vol.    i.  Outlines  of 

Modern  Farming.)    By  R.  Scott  Burn.    Woodcuts.    2s. 

141.  FARMING  &*  FARMING  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  2.  Outlines  OF  Modern  Farming.)  ByR.  Scott  Burn.  3ti. 

142.  STOCK;    CATTLE,    SHEEP,    AND    HORSES.      (Vol.    3. 

Outlines  of  Modern  Farming.)    By  R.  Scott  Burn.  Woodcuts.    2s.  6d. 

145.  DAIRY,  PIGS,   AND  POULTRY,   Management  of  the.     By 

R,  Scott  Burn.    (Vol.  4.  Outlines  of  Modern  Farming.)    2s. 

146.  UTILIZATION     OF     SEWAGE,      IRRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.    (Vol.  5.  Outlines  of  Modern 
Farming.)    By  R.  Scott  Burn.    Woodcuts.    2s.  6d. 
%*  Nos.  140-1-2-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  "  Outlinbs  OP 
Modern  Farming."    By  Robert  Scott  Burn.    Price  12s. 
177.  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.   From 
the  French  of  Du  Breuil.  Revised  by  Geo.  Glenny.  187  Woodcuts.  3s.  6d.t 
198,  SHEEP;  THE  HIS  TOR  Y,  STRUCTURE,  ECONOMY,  AND 
DISEASES  OF.      By  W.  C.   Spooner,   M.R.V.C,  &c.     Fifth    Edition, 
enlarged,  including  Specimens  ot  New  and  Improved  Breeds.    3s.  6d.t 

201.  KITCHEN  GARDENING  MADE  EASY.    By  George  M.  F. 

Glenny.    Illustrated,    is.  6d.t 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organic 

zation  of  Farm  Labour.    By  R.  Scott   Burn.     2s.  6d.t 

208.  OUTLINES    OF  LANDED    ESTATES   MANAGEMENT. 
By  R.  Scott  Burn.    2s.  6d.t 

*„*  Nos.  207  &>  208  in  One  Vol.,  handsomely  half-bound,  entitled  "Outlines  of 
Landed  Estates  and  Farm  Management."    By  R.  Scott  Burn.    Price  6s. 

^^^  The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Agriculture,  Gardening,  etc.,  continued. 

209.  THE   TREE   PLANTER   AND   PLANT   PROPAGATOR. 

A  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees, 
Flowering  Shrubs,  Flowering  Plants,  &c.      By  Samuel  Wood.    2s.t 

210.  THE  TREE  PRUNER.    A  Practical  Manual  on  the  Pruning  of 

Fruit  Trees,  including  also  their  Training  and  Renovation  ;  also  the  Pruning 
of  Shrubs,  Climbers,  and  Flowering  Plants.     By  Samuel  Wood.    2s.t 
*%*  Nos.  209  (-f  210   in    One   Vol.,   handsomely  half-bound,  entitled  "Thb  Trhb 
Planter,  Propagator,  and  Pruner."    By  Samuel  Wood.    Price  55. 

ai8.  THE  HA  V  AND  STRA  W  MEASURER  :  Being  New  Tables 
for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  8tc. 
By  John  Steele.   Fourth  Edition.  2s. 

222.  SUBURBAN  FARMING.  The  Laying-out  and  Cultivation  of 
Farms,  adapted  to  the  Produce  of  Milk,  Butter,  and  Cheese,  Eggs,  Poultry, 
and  Pigs.    By  Prof.  John  Donaldson  and  R.  Scott  Burn.    3s.  6d.t 

231.  THE  ART  OF  GRAFTING  AND  BUDDING.    By  Charles 

Baltet.     With  Illustrations.    2s.  6d.t 

232.  COTTAGE  GARDENING;  or,  Flowers,  Fruits,  and  Vegetables 

for  Small  Gardens.    By  E.  Hobday,    is.  6d. 

233.  GARDEN  RECEIPTS.    Edited  by  Charles  W.  QuiN.    is.6d. 

234.  MARKET  AND  KITCHEN  GARDENING.  ByC.W.  Siiaw, 

'lateEditorof  "Gardening  Illustrated."     3s. t  [Just published. 

239.  DRAINING  AND  EMBANKING.     A  Practical  Treatise,  em- 

bodying the  most  recent  experience  in  the  Application  of  Improved  Methods. 
By  John  Scott,  late  Professor  of  Agriculture  and  Rural  Economy  at  the 
Royal  Agricultural  College,  Cirencester.    With  68  Illustrations,     is.  6d. 

240.  IRRIGATION  AND  WATER  SUPPLY.    A  Treatise  on  Water 

Meadows,  Sewage  Irrigation,  and  Warping ;  the  Construction'  of  Wells, 
Ponds,  and  Reservoirs,  &c.     By  Prof.  John  Scott.     With34lllus.  is.  6d. 

241.  FARM  ROADS,    FENCES,    AND    GATES.      A    Practical 

Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the  Farm ;  the 
Principles  of  Enclosures ;  and  the  different  kinds  of  Fences,  Gates,  and 
Stiles.    By  Professor  John  Scott.    With  75  Illustrations,    is.  6d. 

242.  FARM  BUILDINGS.     A  Practical  Treatise   on  the  Buildings 

necessary  for  various  kinds  of  Farms,  their  Arrangement  and  Construction, 
with  Plans  and  Estimates.    By  Prof.  John  Scott.    With  105  Illus.     2s. 

243.  BARN  IMPLEMENTS   AND    MACHINES.      A    Practical 

Treatise  on  the  Application  of  Power  to  the  Operations  of  Agriculture  ;  and 
on  various  Machines  used  in  the  Threshing-barn,  in  the  Stock-yard,  and  in  the 
Dairy,  &c.  By  Prof.  J.  Scott.   With  123  Illustrations.  2s. 

244.  FIELD   IMPLEMENTS  AND   MACHINES.       A    Practical 

Treatise  on  the  Varieties  now  in  use,  with  Principles  and  Details  of  Con- 
struction, their  Points  of  Excellence,  and  Management.  By  Professor  John 
Scott.    With  138  Illustrations.    2s. 

245.  AGRICULTURAL   SURVEYING.      A  Practical  Treatise   on 

Land  Surveying,  Levelling,  and  Setting-out ;  and  on  Measuring  and  Esti- 
mating Quantities,  Weights,  and  Values  of  Materials,  Produce,  Stock,  8tc. 
By  Prof.  John  Scott.     With  62  Illustrations,     is.  6d. 
%•  I^os.  23<}  to  245  in  One  Vol.,  handsomely  half-bound,  entitled  "The  Completb 
Tbxt-Book  of  Farm  Engineering."    By  Professor  John  Scott.    Price  12s. 

250.  ME  A  T  PRODUCTION.    A  Manual  for  Producers,  Distributors, 

&c.    By  John  Ewart.    2s.  6d.t 
266.  BOOK-KEEPING  FOR  FARMERS  &  ESTATE  OWNERS. 

<By  J.  M.  Woodman,  Chartered  Accountant.     2s.  6d.  cloth  limp ;  3s.  6d. 

cloth  boards.  {Just  published, 

fk^  The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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MATHEMATICS,    ARITHMETIC,    ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  Their 
Construction,  Adjustment,  Testing-,  and  Use  concisely  Explained,  By  J.  F". 
Heather,  M.A.  Fourteenth  Edition,  revised,  with  additions,  by  A.  T. 
Walmisley,  M.I.C.E.,  Fellow  of  the  Surveyors'  Institution.  Original  Edi- 
tion, in  I  vol..  Illustrated.  2S.1:  {Just published. 
*^  In  ordering  the  above,  be  careful  to  say,  "  Original  Edition  "  {No.  32),  to  distin- 
guish it  fro7n  the  Enlarged  Edition  in  3  vols.  {Nos.  168-9-70.) 

1(>.  DESCRIPTIVE   GEOMETRY,   an    Elementary    Treatise    on; 

with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  oi 
G.  MoNGE.  To  which  is  added,  a  description  of  the  Principles  and  Practice 
of  Isometrical  Projection.  By  J.  F.  Heather,  M.A.  With  14  Plates.  2s. 
178.  PRACTICAL  PLANE  GEOMETRY:  giving  the  Simplest 
Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.   By  J.  F.  Heather,  M.A.   With  215  Woodcuts.    2s. 

83.  COMMERCIAL  BOOK-KEEPING.   With  Commercial  Phrases 

and  Forms  in  English,  French,  Italian,  and  German.     By  James  Haddon, 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,     is.  6d. 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on :  with  full  Explana- 

tions of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice.     By 
Professor  J.R.  Young.    Eleventh  Edition,     is.  6d. 
84*.  A  Key  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with   Comments,   Explanations,   and   Improved  Processes,  for  the   Use  of 
Teachers  and  Unassisted  Learners.     By  J.  R.  Young,     is.  6d. 

85.  EQUATIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 

Annuities,  Life  Assurance,  and  General  Commerce  ;  with  various  Tables  by 
which  all  Calculations  may  be  greatly  facilitated.    By  W.  Hipsley.     2s. 

86.  ALGEBRA,    the    Elements    of.      By  James    Haddon,    M.A. 

With  Appendix,  containing  miscellaneous  Investigations,  and  a  Collection 
of  Problems  in  various  parts  of  Algebra.     2S. 
86*.  A  Key  and  Companion  to  the  above  Book,  forming  an  extensive  repository  of 
Solved  Examples  and   Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.     By  J.  R.  Young,     is.  6d. 

88.  EUCLID,  The  Elements  OF  :  with  many  additional  Propositions 

89.  and  Explanatory   Notes :  to  which   is  prefixed,   an  Introductory   Essay   on 
Logic.    By  Henry  Law,  C.E.    2s.  6d.l: 

*%*  Sold  also  separately,  viz.  : — 

88.  Euclid,  The  First  Three  Books.    By  Henry  Law,  C.E.     is.  6d. 

89.  Euclid,  Books  4,  5,  6,  11,  12.    By  Henry  Law,  C.E.     is.  6d. 

90.  ANALYTICAL     GEOMETRY  AND     CONIC    SECTIONS, 

By  James  Hann.    A  New  Edition,  by  Professor  J.  R.  Young.     2s.t 

91.  PLANE     TRIGONOMETRY,   the    Elements    of.      By  James 

Hann,  formerly  Mathematical  Master  of  King's  College,  London,     is.  6d. 

92.  SPHERICAL  TRIGONOMETR  Y,  the  Elements  of.     By  James 

Hann.    Revised  by  Charles  H.  Dowling,  C.E.     is. 
%•  Or  with  "  The  Elements  of  Plane  Trigonometry"  in  One  Volume,  2s.  6d. 

93.  MENSURATION  AND  MEASURING.   With  the  Mensuration 

and  Levelling  of  Land  for  the  Purposes  of  Modern  Engineering.     By  T. 

Baker,  C.E.    New  Edition  by  E.  Nugent,  C.E.     Illustrated,     is.  6d. 
loi.  DIFFERENTIAL  CALCULUS,  Elements  of  the.    By  W.  S.  B. 

WooLHOusE,  F.R.A.S.,  &c.     IS.  6d. 
102.  INTEGRAL  CALCULUS,  Rudimentary  Treatise  on  the.     By 

Homersham  Cox,  B.A.     Illustrated,     is. 

136.  ARITHMETIC,  Rudimentary,  fcr  the  Use  of  Schools  and  Self- 

Instruction.    By  James  Haddon,  M.A.    Revised  by  A.  Arman.    is.  6d. 

137.  A  Key  to  Haddon's  Rudimentary  Arithmetic.    By  A.  Arman.    is.  6d. 

6^^  The  ±  indicates  that  these  vols.  m.ay  be  had  strongly  bound  at  6d.  extra. 
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Mathematics,  Arithmetic,  etc.,  continued. 

1 68.  DRAWING  AND  MEASURING  INSTRUMENTS.    Includ- 

ing — I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.     By  J.  F.  Heather,  M.A.    Illustrated,    is.  6d 

169.  OPTICAL  INSTRUMENTS.     Including  (more  especiaUy)  Tele- 

scopes.  Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.     By  J.  F.  Heather,  M.A.     Illustrated,     is.  6d. 

170.  SURVEYING    AND    ASTRONOMICAL    INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.   II.  Instruments  Employed  in  Astronomical  Observa- 
tions.    By  J.  F.  Heather,  M.A.    Illustrated,     is.  6d. 
•(»*  The  above  three  volumes  foryn  an  enlargement  of  the  Author's  original  work 
"Mathematical  Instruments."     (See  No.  32  in  the  Series.) 

le^.^MATHEMATICAL  INSTRUMENTS.    By  J.  F.  Heather, 

169.  V  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-written.  The  3  Parts  as 
170..)   above,  in  One  thick  Volume.   With  numerous  Illustrations.  4s.  6d.t 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;  containing 
full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  Charles  Hoare,  C.E.  Fifth 
Edition.    With  a  Slide  Rule  in  tuck  of  cover.    2s.  6d.t 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
TIES ;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.     By  Ff  dor  Thoman.     45.$ 

199.  THE  COMPENDIOUS  CALCULATOR ;  or,  Easy  and  Concise 

Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions  ;  together  with  Useful  Tables.  By 
D.  O'Gorman.  Twenty-seventh  Edition,  carefully  revised  by  C.  Norris. 
2s.  6d.,  cloth  limp  ;  3s.  6d.,  strongly  half-bound  in  leather. 
204.  MATHEMATICAL  7L4^Zii"6',  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on  Logarithms. 
By  Henry  Law,  C.E.  Together  with  a  Series  of  Tables  for  Navigation 
and  Nautical  Astronomy.  By  Prof.  J.  R.  Young.  New  Edition.  4s. 
204*.  LOGARITHMS.  With  Mathematical  Tables  for  Trigonometrical, 
Astronomical,  andNautical  Calculations.  By  Henry  Law,  M.Inst.C.E.  New 
and  Revised  Edition.  (Forming  part  of  the  above  Work).  3s. 

221.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS, and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
Calendars.    By  W.  S.  B.  Woolhousk,  F.R.A.S.,  F.S.S.   Sixth  Edition.   2s.t 

227.  MATHEMATICS  AS  APPLIED  TO  THE  CONSTRUC- 
TIVE ARTS.  Illustrating  the  various  processes  of  Mathematical  Investi- 
gation, by  means  of  Arithmetical  and  Simple  Algebraical  Equations  and 
Practical  Examples.    By  Francis  Campin'.  C.E.    Second  Edition.    zs.X 

PHYSICAL    SCIENCE,    NATURAL    PHILO- 
SOPHY,  ETC. 

1.  CHEMISTRY.    By  Professor  George  Fownes,  F.R.S.    With 

an  Appendix  on  the  Application  of  Chemistry  to  Agriculture,     is. 

2.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  of.     By 

C.  ToMLiNSON.     Woodcuts.     IS.  6d. 

6.  MECHANICS,  Rudimentary  Treatise  on.     By  Charles  Tom- 

LiNSON.    Illustrated,    is.  6d.  ,         .     , 

7.  ELECTRICITY;   showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  applied.  By  Sir  W.  Snow 
Harris,  F.R.S.,  &c.      With  Additions  by  R.  Sabine,  C.E.,  F.S.A.     is.  6d. 

7».  GALVANISM.    By  Sir  W.  Snow  Harris.     New  Edition  by 
Robert  Sabine,  C.E.,  F.SiA.    is.  6d. 

8.  MAGNETISM ;  being  a  concise  Exposition  of  the  General  Pnn- 

ciples  of  Magnetical  Science.    By    Sir  W.  Snow  Harris.    New  Editirn, 

revised  by  H.  M.  Noad,  Ph.D.    With  165  Woodcuts.    3s.  6d.t 

'I he  X  indicates  that  these  vols,  may  be  had  strongly  bound  uTbd.  extra. 
LONDON  :    CROSBY    LOCKWOOD   AND   SON. 


WEALE'S   RUDIMENTARY   SERIES.  II 

Physical  Science,  Natural  Philosophy,  etc.,  continued. 

11.  THE  ELECTRIC  TELEGRAPH ;  its  History  and  Progress; 

withDescriptionsof  some  of  the  Apparatus.   ByR.  Sabine,  C.E.,  F.S.A.    3s. 

12.  PNEUMATICS,  including  Acoustics  and  the  Phenomena  of  Wind 

Currents,    for  the   Use  of  Beginners.      By  Charles  Tomlinson,    F.R.S. 
Fourth  Edition,  enlarged.     Illustrated,     is.  6d.  {Just  published. 

72.  MANUAL  OF  THE  MOLLUSCA  ;  a  Treatise  on  Recent  and 
Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S.  Fourth  Edition.  With 
Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  numerous  Plates  and  300 
Woodcuts.      6s.  6d.    Cloth  boards,  7s.  6d. 

96.  ASTRONOMY.    By  the  late  Rev.  Robert  Main,  M.A,     Third 

Edition,  by  Willl\m  Thynne  Lynn,  B.A.,  F.R.A.S.    2s. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.    By  T.  Baker,  C.E.    Fourth  Edition,    is.  6d. 
138.  TELEGRAPH,   Handbook  of  the ;    a  Guide  to  Candidates  for 
Employment  in  the  Telegraph  Service.    By  R.  Bond.     3s.t 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 

lock's  "Rudiments  of  Geology."  By  Ralph  Tate,  A.L.S.,&c.  Woodcuts.  2S. 

174.  HISTORICAL     GEOLOGY,    partly    based    on    Major-General 

Portlock's  "Rudiments."  By  Ralph  Tate,  A.L.S.,  &c.  Woodcuts.  2s.  6d. 
173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 
&  Historical.  Partly  based  on  Major-General  Portlock's  "Rudiments  of 
174.  Geology."  By  Ralph  Tate,  A.L.S.,  F.G.S.,  &c.  In  One  Volume.  4s.  6d.t 
183  ANIMAL  PHYSICS,  Handbook  of.  By  Dr.  Lardner,  D.C.L., 
&  formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
184..  College,  Lond.  With  520  Illustrations.  In  One  Vol.  7s.  6d.,  cloth  boards. 
't*  *^*  Sold  also  in  Two  Parts,  as  follows  : — 

183.  Animal  Physics.    By  Dr.  Lardner.    Part  I.,  Chapters  I.— VII.    4s. 

184.  Animal  Physics.    By  Dr.  Lardner.    Part  II.,  Chapters  VIII.— XVIII.  3s. 


FINE   ARTS. 
20.  PERSPECTIVE  FOR  BEGINNERS.      Adapted    to    Young 

Students  and  Amateurs  in  Architecture,  Painting,  8cc.   By  Georgs  Pyne.  2s. 

40  GLASS  STAINING,  AND  THE  ART  OF  PAINTING  ON 
GLASS.  From  the  German  of  Dr.  Gessert  and  Emanuel  Otto  From- 
berg.    With  an  Appendix  on  The  Art  of  Enamelling.    2s.  6d. 

69.  MUSIC,  A  Rudimentary  and  Practical  Treatise  on.  With 
numerous  Examples.    By  Charles  Child  Spencer.    2s.  6d, 

71.  PIANOFORTE,  The  Art  of  Playing  the.  With  numerous  Exer- 
cises &  Lessons  from  the  Best  Masters.  By  Charles  Child  Spencer.  is.6d. 
69-71.  MUSIC  <y  THE  PIANOFORTE.  In  one  vol.  Half  bound,  5s. 
181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature, 
Painting  on  Ivory,  Vellum,  Potterj',  Enamel,  Glass,  &c.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Gullick,  assisted  by 
John  Times,  F.S.A.    Fifth  Edition,  revised  and  enlarged.    5s.t 

186.  A  GRAMMAR  OF  COLOURING,  applied  tc  Decorative 
Painting  and  the  Arts.  By  George  Field.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  Ellis  A. 
Davidson.  With  tvpo  new  Coloured  Diagrams,  &c.  3s. t 
246.  A  DICTIONARY  OF  PAINTERS,  AND  HANDBOOK  FQR 
PICTURE  AMATEURS;  including  Methods  of  Painting,  Cleaning,  Re- 
lining  and  Restoring,  Schools  of  Painting,  &c.  With  Notes  on  the  Copyists 
and  Imitators  of  each  Master.    By  Philippe  Daryl.    2s.  6d.t 

^^'  The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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INDUSTRIAL   AND    USEFUL   ARTS. 

23.  BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac- 
ture of.    By  E.  DoBsoN,  M.R.I.B.A.    Illustrated,  354 

67.  CLOCKS,  WATCHES,  AND  BELLS,  a  Rudimentary  TreaUse 
on.  By  Sir  Edmund  Beckett,  LL.D.,  Q.C.  Seventh  Edition,  revised  and  en- 
larged.    4s.  6d.  limp  ;  5s.  6d.  cloth  boards. 

83**.  CONSTRUCTION  OF  DOOR  LOCKS.  Compiled  from  the 
Papers  of  A.  C.  Hobbs,  and  Edited  by  Chari.es  Tomlinson.  F.R.S.    2s.  6d. 

162.  THE  BRASS  FOUNDER'S  MANUAL;  Instructions  for 
Modelling,  Pattern-Making,  Moulding,  Turning,  Filing,  Burnishing, 
Bronzing,  &c.    With  copious  Receipts.  &c.    By  Walter  Graham.     2s.t 

205.  THE  ART  OF  LETTER   PAINTING  MADE  EASY.      By 

J.  G.  Badenoch.  Illustrated  with  12  full-page  Engravings  of  Examples,  is.  6d 
215.  THE  GOLDSMIIITS  HANDBOOK  containing   full  Instruc- 
tions for  the  Alloying  and  Working  of  Gold.     By  George  E.  Gee,     is.t 
225.   THE    SILVERSMITH'S    HANDBOOK,    containing    full  In- 

structions  for  the  Alloying  and  Working  of  Silver.    By  George  E.  Gee.    33.* 
•^*  The  two  preceding  Works,  in  One  handsome  Vol.,  half -bound,  entitled  "The 

Goldsmith's  &  Silversmith's  Complete  Handbook,''  is. 
249.  THE  HALL-MARKING  OF  JEWELLERY  PRACTICALLY 

CONSIDERED.    By  George  E.  Gee.    35.* 
224.  COACH   BUILDING,    A    Practical    Treatise,    Historical    and 

Descriptive.     By  J.  W.  Burgess.     2s.  6d.t 

235.  PRACTICAL   ORGAN  BUILDING.      By  W.   E.   Dickson, 

M.A.,  Precentor  of  Ely  Cathedral.    Illustrated.  2s.  6d.t 

262.  THE    ART    OF  BOOT  AND    SHOEMAKING,    including 

Measurement,  'Last-fitting,  Cutting-out,  Closing  and  Making.     By  John 
Bedford  Leno.     Numerous  Illustrations.     Third  Edition.     2s. 

263.  MECHANICAL   DENTISTRY :   A  Practical  Treatise  on  the 

Construction  of  the  Various  Kinds  of  Artificial  Dentures,  with  Formulae, 
Tables,  Receipts,  &c.    By  Charles  Hunter.    Third  Edition.    3s.t 


MISCELLANEOUS    VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING, ENGINEERING,  MINING,  METALLURGY,  ARCHE- 
OLOGY, the  EINE  ARTS,  ^'c.  ByJoHNWEALE.  Fifth  Edition.  Revised 
by  Robert  Hunt,  F.R.S.  Illustrated,  ss.  limp  ;  6s.  cloth  boards. 
50.  THE  LAW  OF  CONTRACTS  FOR  WORKS  AND  SER- 
VICES. By  David  Gibbons.  Third  Edition,  enlarged.  3s.t 
112.  MANUAL  OF  DOMESTIC  MEDICINE.    By  R.   Gooding, 

B.A.,  M.D.    A  Family  Guide  in  all  Cases  of  Accident  and  Emergency.    2s.i 
112*.  MANAGEMENT  OF  HEALTH.     A  Manual  of  Home  and 

Personal  Hygiene.    By  the  Rev.  James  Baird,  B.A.     is. 
150.  LOGIC,  Pure  and  Applied.     By  S.  H.  Emmens.  .    is.  6d. 
lU.  SELECTIONS    FROM    LOCKE'S     ESSAYS     ON     THE 

HUMAN  UNDERSTANDING.    With  Notes  by  S.  H.  Emmens.    2s. 
154.  GENERAL  HINTS  TO  EMIGRANTS.    2s. 
157.  THE   EMIGRANTS    GUIDE    TO    NATAL.      By  Robert 

James  Mann,  F.R.A.S.,  F.M.S.    Second  Edition.    Map.    2s. 

193.  HANDBOOK    OF    FIELD    FORTIFICATION.      By  ISIajor 

W.  W.  Knollvs,  F.R.G.S.    With  163  Woodcuts.    3s.t 

194.  THE  HOUSE    MANAGER :  Being  a  Guide  to  Housekeeping. 

Practical    Cookery,   Pickling    and    Preserving,    Household   Work,   Dairy 
Managoment,  &c.     By  An  Old  Housekeeper.    3s.  6d.t 

194,  HOUSE  BOOK  {The).  Comprising  :— I.  The  House  Manager. 

112  &    By  an  Old  Housekeeper.    II.  Domestic  Medicine.    By  R.  Gooding,  M.D. 

1 12».  III.  Management  of  Health.    By  J.  Baird.    In  One  Vol.,  half-bound,  6s. 

t^T  The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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HISTORY. 

I.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Progress  of  the  English  Constitution.  By 
William  Douglas  Hamilton,  F.S.A.,  of  Her  Majesty's  Public  Record 
Office.    4th  Edition,  revised.    5s. ;  cloth  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of;  in  connection  with  the 

Rise  of  the  Arts  and  Civilization  in  Europe.  By  W.  Douglas  Hamilton, 
of  University  College,  London,  and  Edward  Lhvien,  M.A.,  of  Balliol 
College,  Oxford.     2S.  6d. ;  cloth  boards,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Levien,  of  Balliol  College,  Oxford.  Map,  2s.  6d. ;  cl.bds.  3s. 6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  World  to  the  Present  Time.  The  Continuation  by 
W.  D.  Hamilton,  F.S.A.    3s. ;  cloth  boards,  3s.  6d. 

50.  Dates  and   Events  in  English   History,  for  the  use  of 

Candidates  in  Public  and  Private  Examinations.    By  the  Rev.  E.  Rand.    is. 


ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar  of  the   English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  Hydb 
Clarke,  D.C.L.     Fourth  Edition,     is.  6d. 

12,  Dictionary  of   the   English    Language,   as   Spoken  and 

Written.  Containing  above  100,000  Words.  By  Hyde  Clarke,  D.C.L. 
3s.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition    and    Punctuation,   familiarly  Explained   for 

those  who  have  neglected  the  Study  of  Grammar.  By  Justin  Brenan. 
18th  Edition.     is,6d. 

49.  Derivative  Spelling-Book:  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Languages ;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  Rowbotham,  F.R.A.S.     Improved  Edition,     is.  6d. 

51.  The  Art  of  Extempore  Speaking:  Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar,  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translatedfrom  the  French.  8th  Edition,  carefully  corrected.  2s.  6d. 

53-  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Examinations.     By  the  Rev.  Edgar  Rand,  B.A.     is. 

54.  Analytical  Chemistry,  Qualitative  and  Qaantitative,  a  Course 

of.  To  which  is  prefixed,  a  BriefTreatise  upon  Modern  Chemical  Nomencla- 
ture and  Notation.    By  Wm.  W.  Pink  and  George  E.  Webster.    2s. 

THE    SCHOOL    MANAGERS'    SERIES   OF   READING 
BOOKS, 

Edited  by  the  Rev.  A.  R.  Grant,  Rector  of  Hitcham,  and  Honorary  Canon  of  Ely; 

formerly  H.M.  Inspector  of  Schools, 

Introductory  Primer,  3</. 

s.  d.  s.     d. 

First  Standard  .  .06  Fourth  Standard  .  ..is 
Second      „  .        .    o  10       Fifth  „        .        .        .       .    x      6 

Third         „  ..10       Sixth  „        .        .        .        .16 

Lessons  from  the  Bible.    Part  I.    Old  Testament,    is. 
Lessons  from  the  Bible.     Part  II.     New  Testament,  to  which  is  added 
The  Geography  of  the  Bible,  for  very  young  Children.    By  Rev.  C. 
Thornton  Forster.     is.  2d.    %*  Or  the  Two  Parts  in  One  Volume,  as. 
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FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.     By  G.  L.  Strauss,  Ph.D.     is.  6d. 

25.  French-English  Dictionary.    Comprising  a  large  number  of 

New  Terms  used  in  Engineering-,  Mining,  &c.     By  Alfred  Elwes.     is.  6d 

26.  English-French  Dictionary.    By  Alfred  Elwes.    2s. 
25,26.  French  Dictionary  (as  above).     Complete,  in  OneVol.,  3s. ; 

cloth  boards,  3s.  6d.    *,(*  Or  with  the  Grammar,  cloth  boards,  4s.  6d. 

47.  French  and  English  Phrase  Book :  containing  Intro- 
ductory Lessons,  with  Translations,  several  Vocabularies  of  Words,  a  Col- 
lection of  suitable  Phrases,  and  Easy  Familiar  Dialogues,    is.  6d. 

GERMAN. 

39.  German  Grammar.      Adapted    for    English   Students,  from 

Heyse's  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  Strauss,     is.  6d. 

40.  German  Reader :   A  Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors  of  Germany ;  with  Notes,  Philological  and  Ex- 
planatory.   By  G.  L.  Strauss,  Ph.D.    is. 

41-43.  German  Triglot  Dictionary.     By  N.  E.  S.  A.  Hamilton. 

In  Three  Parts.  Part  I.  German -French-English.  Part  II.  English-Ger- 
man-French.    Part  III.  French-German-English.      3s.,  or  cloth  boards,  4s. 

41-43  German  Triglot  Dictionary  (as  above),  together  with  German 

&  39.      Grammar  (No.  39),  in  One  Volume,  cloth  boards,  5s. 

ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Course 

of  Exercises.    By  Alfred  Elwes.    is.  6d. 

28.  Italian  Triglot   Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfred  Elwes. 
Vol.1.  Italian-English-French.     2S.  6d. 

30.  Italian    Triglot    Dictionary.      By  A.  Elwes.      Vol.  2. 

English-French-Italian.     2s.  6d. 

32.  Italian  Triglot  Dictionary.     By  Alfred  Elwes.    Vol.  3. 

French-Italian-English.     2S.  6d. 

28,30,  Italian  Triglot  Dictionary  (as  above).    In  One  Vol.,  7s.  6d. 

32.      Cloth  boards.  

SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.     With 

a  Course  of  Exercises.    By  Alfred  Elwes.    is.  6d. 

35.  Spanish-English    and    English-Spanish     Dictionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering,  &c. 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfred  Elwes 
4s.  ;  cloth  boards,  5s.    %*   Or  with  the  Grammar,  cloth  boards,  6s. 

55.  Portuguese    Grammar,   in    a  Simple  and  Practical    Form. 

With  a  Course  of  Exercises.     By  Alfred  Elwes.     is.  6d. 

56.  Portuguese-English    and    English-Portuguese    Dic- 

tionary. Including  a  large  number  of  Technical  Terms  used  in  Mining, 
Engineering,  &c.,  with  the  proper  Accents  and  the  Gender  of  every  Noun. 
By  Alfred  Elwes.  Second  Edition,  Revised,  5s. ;  cloth  boards,  6s.  •»•  Or 
with  the  Grammar,  cloth  boards,  7s. 

HEBREW. 
46*.  Hebrew  Grammar.    By  Dr.  Bresslau.     is.  6d. 
44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical ; 

containing  the  Hebrew  and  Chaldee  Roots  of  the  Old  Testament  Post- 
Rabbinical  Writings.  By  Dr.  Bresslau.  6s. 

46.  English  and  Hebrew  Dictionary.    By  Dr.  Bresslau.    3s. 

44,46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 

46*.      the  Grammar,  cloth  boards,  12s. 
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LATIN. 

19.  Latin  Grammar.     Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.  By  the  Rev.  Thomas  Goodwin, 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,     is.  6d. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thomas  Goodwin, 

M.A.      2S. 

22.  English-Latin    Dictionary ;   together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.     By  the 
Rev.  Thomas  Goodwin,  M.A.    is.  6d. 
20,22.  Latin  Dictionary  (as  above).     Complete  in  One  Vol.,  3s.  6d. 
cloth  boards,  4s.  6d,    %*  Or  with  the  Grammar,  cloth  boards,  5s.  6d. 
LATIN   CLASSICS.     With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.     Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Young,  is.  6d : 

2.  Caesaris  Commentarii  de  Bello  Galileo.  Notes,  and  a  Geographical 

Register  for  the  Use  of  Schools,  by  H.  Young.    2s. 

3.  Cornelius  Nepos.    With  Notes.    By  H.  Young,     is. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  RusHTON,  M.A.,  and  on  the  Georgics  by  H.  Young,     is.  6d. 

5.  Virgilii  Maronis  -^neis.     With  Notes,  Critical  and  Explanatory, 

by  H.  Young.  New  Edition,  revised  and  improved  With  copious  Addi- 
tional Notes  by  Rev.  T.  H.  L.  Leary,  D.C.L.,  formerly  Scholar  ot  Brasenose 
College,  Oxford.     3s. 

5* Part  I.    Books  i. — ^vi.,  is.  6d. 

-**  Part  2.    Books  vii.— xii.,  2s. 

6.  Horace;   Odes,   Epode,   and  Carmen  Sseculare.     Notes  by  H. 

Young,    is.  6d. 

7.  Horace;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  Brown- 

RiGG  Smith,  M.A.,  F.R.G.S.    is.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jugurthinum.   Notes,  Critical 

and  Explanatory,  by  W.  M.  Donne,  B.A.,  Trin.  Coll.,  Cam.    is.  6d. 

9.  Terentii  Andria  et  Heautontimorumenos.     With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.    is.  6d. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.   Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.    2s. 

11.  Terentii  Eunuchus,  Comoedia.    Notes,  by  Rev.  J.  Davies,  M.A. 

IS.  6d. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.    Edited,  with  an 

Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  the  Rev. 
James  Davies,  M.A.    is.  6d. 

13.  Ciceronis    Orationes    in    Catilinam,   Verrem,    et    pro     Archia. 

With  Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  Leary,  D.C.L.  formerly  Scholar  of  Brasenose  College,  Oxford. 
IS.  6d. 

14.  Ciceronis  Cato  Major,  Laslius,  Brutus,  sive  de  Senectute,  de  Ami- 

citia,  de  Claris  Oratoribus  Dialog!.  With  Notes  by  W.  Brownrigg  Smith, 
M.A.,  F.R.G.S.    2s. 

16.  Livy :  History  of  Rome.  Notes  by  H.  Young  and  W.  B.  Smith, 

M.A.    Part  i.    Books  i.,  ii.,  is.  6d. 
16*. Part  2.     Books  iii.,  iv.,  v.,  is.  fid. 

17.  Part  3.    Books  xxi.,  xxii.,  is.  6d. 

19.  Latin  Verse  Selections,  from  Catullus,  TibuUus,  Propertius, 

and  Ovid.  Notes  by  W.  B.  Donne,  M.A.,  Trinity  College,  Cambridge.    2s. 

20.  Latin  Prose    Selections,  from  Varro,   Columella,   Vitruvius, 

Seneca,  Quintilian,  Florus,  Velleius  Paterculus,  Valerius  Maximus  Sueto- 
nius, Apuleius,  &c.    Notes  by  W.  B.  Donne,  M.A.    2s. 

21.  Juvenalis  Satirse.     With  Prolegomena  and  Notes  by  T.  H.  S. 

EscoTT,  B.A-,  Lecturer  on  Logic  at  King's  College,  London.    2s. 
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GREEK. 

14.  Greek  Graminar,  in  accordance  with  the  Principles  and  Philo- 
logical Researches  of  the  most  eminent  Scholars  of  our  own  day.    By  Hans 
Claude  Hamilton,     is.  6d. 
15,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  with 

their  Significations,  Inflections,  and  Doubtful  Quantities.  By  Hbnry  R. 
Hamilton:  Vol.  i.  Greek-English,  2s.  6d. ;  Vol.  2.  English-Greek,  2s.  Or 
the  Two  Vols,  in  One,  4s.  6d. :  cloth  boards,  5s. 

14,15.  Greek  Lexicon  (as  above).    Complete,  with  the  Grammar,  in 

17.  One  Vol.,  cloth  boards,  6s. 

GREEK  CLASSICS.  With  Explanatory  Notes  in  English. 
I.  Greek  Delectus.  Containing  Extracts  from  Classical  Authors, 
with  Genealogical  Vocabularies  and  Explanatory  Notes,  byH.  Young.  New 
Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulary,  by  John 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,  is.  6d. 
2,  3.  Xenophon's  Anabasis;  or,  The  Retreat  of  the  Ten  Thousand. 
Notes  and  a  Geographical  Register,  by  H.  Young.  Part  i.  Books  i.  to  iii., 
IS.     Part  2.  Books  iv.  to  vii.,  is. 

4.  Lucian's  Select  Dialogues.    The  Text  carefully  revised,  with 

Grammatical  and  Explanatory  Notes,  by  H.  Young,     is.  6d. 

5-12.  Homer,  The  Works  of.    According  to  the  Text  of  Bakumlein. 

With   Notes,    Critical   and   Explanatory,    drawn  from   the  best  and  latest 

Authorities,  with   Preliminary  Observations  and  Appendices,  by  T.  H.  L. 

Leary,  M.A.,  D.C.L, 

The  Iliad.         Parti.  Books  i.  to  vi.,  is.6d.        Part  3.   Books  xiii.  to  xviii.,  is.  6d. 

Part  2.   Booksvii.toxii.,is.6d.       Part  4.   Booksxix.  to  xxiv.,  is.  6d. 

The  Odyssey:   Part  i.   Books  i.  to  vi.,  is.  6d         Part  3.   Books  xiii.  to  xviii.,  is.  6d. 

Part  2.    Booksvii.toxii.,  IS.  6d.        Part  4.    Books  xix.   to  xxiv.,   and 

Hymns,  2S. 

13.  Plato's  Dialogues :    The  Apology  of  Socrates,  the  Crito,  and 

the  Phsedo.    From  the  Text  of  C.  F.  Hermann.    Edited  with  Notes,  Critical 
and  Explanatory,  by  the  Rev.  James  Davies,  M.A.     2s. 
14-17.  Herodotus,  The  History  of,  chiefly  alter  the  Text  of  Gaisford. 
With   Preliminary  Observations  and  Appendices,  and  Notes,  Critical   and 
Explanatory,  by  T.  H,  L.  Leary,  M.A.,  D.C.L. 

Part  I.     Books  i.,  ii.  (The  Clio  and  Euterpe),  2S. 

Part  2.     Books  iii.,  iv.  (The  Thalia  and  Melpomene),  2S. 

Part  3.     Books  v.-vii.  (The  Terpsichore,  Erato,  and  Polymnia),  2S. 

Part  4.     Books  viii.,  ix.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 

18.  Sophocles:  OEdipus  Tyrannus.     Notes  by  H.  Young,     is. 

zo.  Sophocles:    Antigone.     From  the  Text  of  Dindorf.     Notes, 

Critical  and  Explanatory,  by  the  Rev.  John  Mii.ner,  B.A.     2s. 

2\  Euripides  :  Hecuba  and  Medea.  Chiefly  from  the  Text  of  Din- 
dorf. With  Notes,  Critical  and  Explanatory,  by  W.  Brownrigg  Smith, 
M.A.,  F.R.G.S.    IS.  6d.  ,      ^  ^^  _..^, 

26.  Euripides:  Alrestis.    Chiefly  from  the  Text  of  Dindorf.  With 

Notes,  Critical  and  Explanatory,  by  John  Milner,  B.A.     is  6d. 

30.  .^Eschylus  :  Prometheus  Vinctus  :  The  Prometheus  Bound.  From 
the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Rev.  James  Davies,  M.A.    is. 

^2.  .^Eschvlus  :  Septem  Contra  Thebes  :  The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  James  Davies,  M.A.     is.  r  /-     tj 

40.  Aristophanes :   Achamians.     Chiefly  from  the  Text  of  C.  H. 

Weise.    With  Notes,  by  C.  S.  T.  Townshend,  M.A.    is.  6d.  „ 

41.  Thucydides:  History  of  the  Peloponnesian  War.    Notes  by  H. 

Young.     Book  i.    is.  6d.  tvt   *  „   ^^A  T«K-rt 

42.  Xenophon's  Panegyric  on  Agesilaus.    Notes  and  Intro- 
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MECHANICS,  MECHANICAL  ENGINEERING,  etc. 

New  Manual  for  Practical  Engineers. 

THE  PRACTICAL  ENGINEER'S  HAND-BOOK.  Comprising 
a  Treatise  on  Modern  Engines  and  Boilers :  Marine,  Locomotive  and  Sta- 
tionary. And  containing  a  large  collection  of  Rules  and  Practical  Data 
relating  to  recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines,  Boilers,  and  other  Engineering  work.  The  whole  constituting  a 
comprehensive  Key  to  the  Board  of  Trade  and  other  Examinations  for  Certi- 
ficates of  Competency  in  Modern  Mechanical  Engineering.  By  Walter  S. 
HuTTON,  Civil  and  Mechanical  Engineer,  Author  of  "The  Works'  Manager's 
Handbook  for  Engineers,"  &c.  With  upwards  of  370  Illustrations.  Third 
Edition,  Revised,  with  Additions.  Medium  8vo,  nearly  500  pp.,  price  i8s. 
Strongly  bound.  {Just  published. 

1:3"  This  work  is  designed  as  a  companion  to  the  Author's  "Works' 
Manager's  Hand-book."  It  possesses  many  new  and  original  features,  and  con- 
tains, like  its  predecessor,  a  quantity  of  matter  not  originally  intended  for  publica- 
tion, but  collected  by  the  author  for  his  own  use  in  the  construction  of  a  great  variety 
<of  modern  engineering  work. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by 
•upwards  of  370  Woodcuts ;  and  comprises  a  quantity  of  tabulated  matter  of  great 
value  to  all  engaged  in  designing,  constructing,  or  estimating  for  Engines,  Boilers 
and  OTHER  Engineering  Work. 

\*  Opinions  of  the  Press. 

"  We  have  kept  it  at  hand  for  several  weeks,  referring  to  it  as  occasion  arose,  and  we  have  not 
on  a  single  occasion  consulted  its  pages  without  finding  the  information  of  which  we  were  in  quest." 
— Athenienm. 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  learning 
something  that  will  be  of  service  to  him."— Marine  Ens^ineer. 

"  An  excellent  book  of  reference  for  engineers,  and  a  valuable  text-book  for  students  of 
engineering." — Scotsman. 

"  This  valuable  manual  embodies  the  results  and  experience  of  the  leading  authorities  on 
mechaniczil  engineering."— i?j<i7afi'«^  News. 

"  The  author  has  collected  together  a  surprising  quantity  of  rules  and  practical  data,  and  has 
shown  much  judgment  in  the  selections  he  has  made.  .  .  .  There  is  no  doubt  that  this  book  is 
one  of  the  most  useful  of  its  kind  published,  and  will  be  a  very  popular  compendium."— £«o-»«f^r. 

"  A  mass  of  information,  set  down  in  simple  language,  and  in  such  a  form  that  it  can  be  ea5;!!y 
referred  to  at  any  time.  The  matter  is  uniformly  good  and  well  chosen,  and  is  greatly  elucidated 
by  the  illustrations.  The  book  will  find  its  way  on  to  most  engineers'  shelves,  where  it  will  rank  as 
one  of  the  most  useful  books  of  reference." — Practical  Engineer. 

"  Full  of  useful  information,  and  should  be  found  on  the  office  shelf  of  all  practical  engineers." 
^En^lish  MecAanie. 
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Handbook  for  Works'  Managers, 

THE   WORKS'   MANAGER'S  HANDBOOK  OF  MODERN 
RULES,  TABLES,  AND  DATA.    For  Engineers,  Millwrights,  and  Boiler 
Makers;    Tool  Makers,  Machinists,  and  Metal  Workers;    Iron  and  Brass 
Founders,  &c.     By  W.  S.  Hutton,  Civil  and  Mechanical  Engineer,  Author 
of  "The  Practical  Engineer's  Handbook."  Third  Edition,  carefully  Revised, 
with  Additions.  In  One  handsome  Vol.,  medium  8vo  price  15s.  strongly  bound. 
i:S"  The  Author  having  compiled  Rules  and  Data  for  his  own  use  in  a  great 
variety  of  modem  engineering  work,  and  having  found  his  notes  extremely  useful, 
decided  to  publish  them— revised  to  date— believing  that  a  practical  work,  suited  to 
the  DAILY  REQUIREMENTS  OF  MODERN  EKGitiEERS,  would  be  favourably  received. 
In  the  Third  Edition,  the  following  among  other  additions  have  been  made,  viz.: 
Rules  for  the  Proportions  of  Riveted  Joints  in  Soft  Steel  Plates,  the  Results  of  Experi- 
ments by  Professor  Kennedy /or  the  Institution  of  Mechanical  Engineers — Rules 
for  the  Proportions  of  Turbines— Rules  for  the  Strength  of  Hollow  Shafts  of  Whit- 
worth's  Compressed  Steely  &c, 

\*  Opinions  of  the  Press. 

"The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop 
notes  for  application  in  workshop  practice,  rather  than  from  the  theoretical  or  literary  aspect.  The 
volume  contains  a  great  deal  of  that  kind  of  information  which  is  gained  only  by  practical  experi- 
ence, and  is  seldom  written  in  hookas."— Eng^ineer. 

"The  volume  is  an  exceedingly  useful  one,  brimful  with  engineers'  notes,  memoranda,  and 
rules,  and  well  worthy  of  being  on  every  mechanical  engineer's  bookshelf." — Mechanical  IVorld. 

"A  formidable  mass  of  facts  and  figures,  readily  accessible  through  an  elaborate  index 
....  Such  a  volume  will  be  found  absolutely  necessary  as  a  book  of  reference  in  all  sorts 
of  '  works  *  connected  with  the  metal  trs.Acs."—Ry land's  Iron  Trades  Circular. 

"  Brimful  of  useful  information,  stated  in  a  concise  form,  Mr.  Hutton's  books  have  met  a  press- 
ing want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practicju  man 
possessing  a  copy." — Practical  Engineer. 

*'The  Modernised  Templeton," 

THE  PRACTICAL  MECHANICS  WORKSHOP  COM- 
PANION. Comprising  a  great  variety  of  the  most  useful  Rules  and  Formulas 
in  Mechanical  Science,  with  numerous  Tables  of  Practical  Data  and  Calcu- 
lated Results  for  Facilitating  Mechanical  Operations.  By  William  Tkmplk- 
TON,  Author  of  "The  Engineer's  Practical  Assistant,"  &c.  &c.  Fifteenth 
Edition,  Revised,  Modernised,  and  considerably  Enlarged  by  Walter  S. 
Hutton,  C.E.,  Author  of  "The  Works'  Manager's  Handbook,"  "The 
Practical  Engineer's  Handbook,"  &c.  Fcap.  8vo,  nearly  500  pp.,  with  Eight 
Plates  and  upwards  of  250  Illustrative  Diagrams,  6s.,  strongly  bound  for 
workshop  or  pocket  wear  and  tear. 

Bar  Templeton's  "  Mechanic's  Workshop  Companion  "  has  been  for  more 
than  a  quarter  of  a  century  deservedly  popular,  and,  as  the  well-worn  and  thumb- 
marked  vade  mecum  of  several  generations  of  intelligent  and  aspiring  workmen, 
it  has  had  the  reputation  of  having  been  the  means  of  raising  many  of  them  in  their 
position  in  life. 

In  consequence  of  the  lapse  of  time  since  the  Author's  death,  and  the  great 
advances  in  Mechanical  Science,  the  Publishers  have  thought  it  advisable  to  have  it 
entirely  Reconstructed  and  Modernised;  and  in  its  present  greatly  Enlarged  and 
Improved  form,  they  are  sure  that  it  will  commend  itself  to  the  English  workmen  of 
the  present  day  all  the  world  over,  and  become,  like  its  predecessors,  their  indispens- 
'  able  friend  and  referee. 

A  smaller  type  having  been  adopted,  and  the  page  increased  in  size,  while  the 
umber  of  pages  has  advanced  from  about  330  to  nearly  500,  the  book  practically  con- 
lins  double  me  amount  of  matter  that  was  comprised  in  the  original  work. 

\^  \*  Opinions  of  the  Press. 

"  hi  Its  modernised  form  Hutton's  '  Templeton  '  should  have  a  wide  sale,  for  it  contains  much 
valuable  information  which  the  mechanic  will  often  find  of  use,  and  not  a  few  tables  and  notes  which 
he  might  look  for  in  vain  in  other  works.  This  modernised  edition  will  be  appreciated  by  all  who 
have  learned  to  value  the  original  editions  of '  Templeton.'  "—English  Mechanic. 

"  It  has  met  with  great  success  in  the  pngineermg  workshop,  as  we  can  testify ;  and  there  are 


a  great  many  men  who,  in  a  great  measure,  owe  their  rise  in  Ufe  to  this  little  hook."— Building  JVews. 
"  This  familiar  text-book— well  1 


'  This  familiar  text-book — well  known  to  all  mechanics  and  engineers— is  of  essential  service  to 
the  every-day  requirements  of  engineers,  millwrights,  and  the  various  trades  connected  with 
engineering  and  building.  The  new  modernised  edition  is  worth  its  weight  hi  gold."— Building 
News.    (Second  Notice.) 

"  The  publishers  wisely  entrusted  the  task  of  revision  of  this  popular,  valuable  and  useful  boo 
of  Mr.  Hutton,  than  whom  a  more  competent  man  they  could  not  have  found."— /r<w 
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Stone-working  Machinery, 

STONE-WORKING  MACHINERY,  and  the  Rapid  and  Economu 
cal  Conversion  of  Stone.     With  Hints  on  the  Arrangement  and  Management 
of  Stone  Works.    By  M.  Powis  Bale,  M.I.M.E.    Crown  8vo,  9s. 
"Should  be  in  the  hands  of  every  mason  or  student  of  stone-work."— C«//t<rry  Guardian. 
"It  is  in  every  sense  of  the  word  a  standard  work  upon  a  subject  which  the  author  is  fully 

competent  to  deal  exhaustively  with." — Builder's  IVeekly  Reporter. 

"  A  capital  handbook  for  Jill  who  manipulate  stone  for  building  or  ornamental  purposes."— 

Machinery  Market. 

JPump  Construction  and  Management, 

PUMPS  AND  PUMPING  :  A  Handbook  for  Pump  Users.  Being 
Notes  on  Selection,  Construction  and  Management.  By  M.  Powis  Bale, 
M.I.M.E.,  Author  of  "  Woodworking  Machinery,"  "  Saw  Mills,"  &c.  Crown 
8vo,  2S.  6d.  cloth.  [yust  published. 

"  The  matter  is  set  forth  as  concisely  as  possible.  In  fact,  condensation  rather  than  diffaseness 
has  been  the  author's  aim  throughout ;  yet  he  does  not  seem  to  have  omitted  anything  likely  to  be 
of  use." — Jotirnal  of  Gas  Lighting. 

"  Thorouglily  practical  and  simply  and  clearly  v/ntten."—ClasgoTv  Herald. 

Turning, 

LATHE-WORK  :  A  Practical  Treatise  on  the  Tools,  Appliances, 

and  Processes  employed  in  the  Art  of  Turning.      By  Paul  N.  Hasluck. 

Third  Edition,  Revised  and  Enlarged.    Crown  8vo,  5s.  cloth. 

"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 
fo  do  it,  and  how  to  convey  his  knowledge  to  others.  To  all  turners  this  book  would  be  valuable." 
— Engineering. 

"  We  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  it  will  simply  be 
Invaluable.    To  the  student  it  will  convey  a  great  deal  of  useful  information."— Engineer. 

"A  compact,  succinct,  and  handy  guide  to  lathe-work  did  not  exist  in  our  language  until  Mr. 
Hasluck,  by  the  publication  of  this  treatise,  gave  the  X.\xxnet  a.tx\3i&vade-mecufn."-~House  Decorator. 

Screw-Cutting, 

SCREW  THREADS  :  And  Methods  of  Producing  Them.  With 
Numerous  Tables,  and  complete  directions  for  using  Screw-Cutting  Lathes. 
By  Paul  N.  Hasluck,  Author  of  "  Lathe- Work,"  &c.  With  Fifty  Illustra- 
tions. Second  Edition.  Waistcoat-pocket  size,  price  is.  cloth. 
"  Full  of  useful  information,  hints  and  practical  criticism.  Taps,  dies  and  screwing-tools  gene- 
rally are  illustrated  and  their  action  Aescrih&d."— Mechanical  World. 

Smith's  Tables  for  Mechanics,  etc, 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS, 
FOR  MECHANICS,  ENGINEERS,  ARCHITECTS,  BUILDERS,  etc. 
Selected  and  Arranged  by  Francis  Smith.  Fourth  Edition,  Revised  and  En- 
larged, 250  pp.,  waistcoat-pocket  size,  is.  6d.  limp  leather. 

"  It  would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notes  and  formulae 
to  suit  ALL  engineers  as  it  would  be  to  make  a  universal  medicine  ;  but  Mr.  Smith's  waistcoat- 
pocket  collection  may  be  looked  upon  as  a  successful  attempt." — Engineer. 

"The  best  example  we  have  ever  seen  of  250  pages  of  useful  matter  packed  into  the  dimen- 
sions of  a  card-case." — Building  News.        "A  veritable  pocket  treasury  of  knowledge." — Iron, 

Engineer's  and  Machinist's  Assistant. 

THE  ENGINEER'S,  MILLWRIGHT'S,  and  MACHINIST'S 
PRACTICAL  ASSISTANT.  A  collection  of  UsefulTables,  Rules  and  Data. 
By  William  Templeton.  7th  Edition,  with  Additions.  i8mo,  zs,  6d.  cloth. 
"  Occupies  a  foremost  place  among  books  of  this  kind.  A  more  suitable  present  to  an  appren 
tice  to  any  of  the  mechanical  trades  could  not  possibly  be  made." — Building  Nevis. 

"A  deservedly  popular,  work,  it  should  be  in  the  'drawer'  of  every  mechanic."— £«^/iVA 
Mechatiic. 

Iron  and  Steel, 

"  IRON  AND  STEEL  *' ;  A  Work  for  the  Forge,  Foundry,  Factory, 
and  Office.  Containing  ready,  useful,  and  trustworthy  Information  for  Iron- 
masters and  their  Stock-takers ;  Managers  of  Bar,  Rail,  Plate,  and  Sheet 
Rolling  Mills ;  Iron  and  Metal  Founders ;  Iron  Ship  and  Bridge  Builders  • 
Mecnanical,  Mining,  and  Consulting  Engineers  ;  Architects.Builders,  and' 
Draughtsmen.  By  Charles  Hoare,  Author  of  "  The  Slide  Rule,''  &c.  Eighth 
Edition,  Revised  and  considerably  Enlarged.    32mo,  6s.  leather. 

"  One  of  the  best  of  the  pocket  hooks."— English  Mechanic. 

"  We  cordially  recommend  this  book  to  those  engaged  in  considering  the  details  of  all  kinds  of 
iron  and  steel  works."— iVava/  Science, 
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Engineering  Construction. 

PATTERN-MAKING  :  A  Practical  Treatise,  embracing  the  Main 
Types  of  Engineering  Construction,  and  including  Gearing,  both  Hand  and 
Machine  made.  Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns, 
Screws,  Machine  Parts,  Pmnps  and  Cocks,  the  Moulding  of  Patterns  in 
Loam  and   Greensand,  &c.,  together  with  the  methods  of  Estimating  the 
weight  of  Castings;  to  which  is  added  an  Appendix  of  Tables  for  Workshop 
Reference.     By  a  Foreman  Pattern  Maker.     With   upwards  of  Three 
Hundred  and  Seventy  Illustrations.  Crown  8vo,  ys.  6d.  cloth. 
"  A  well- written  technical  fuide,  evidently  written  by  a  man  who  understands  and  has  prac- 
-Hsed  what  he  has  written  about.    We  cordially  recommend  it  to  engineering  students,  young 
journeymen,  and  others  desirous  of  being  initiated  into  the  mysteries  of  pattern-making."— ^Mt/</^r. 
"  Likely  to  prove  a  welcome  ^ide  to  many  workmen,  especially  to  draughtsmen  who  have 
lacked  a  training  in  the  shops,  pupils  pursuing  their  practical  studies  m  our  factories,  and  to  em- 
ployers and  managers  in  engineering  works.  —Hard-wart  Trade  youmal. 

"More  than  -y^o  illustrations  help  to  explain  the  text,  which  is,  however,  always  clear  and  ex- 
plicit, thus  rendermg  the  work  an  excellent  vade  mecutn  for  the  apprentice  who  desires  to  become 
master  of  his  trade." — English  Mechanic, 

Dictionary  of  Mechanical  Engineering  Terms. 

LOCKWOOD'S  DICTIONARY  OF  TERMS  USED  IN  THE 
PRA  CTICE  OF  MECHA  NIC  A  L  ENGINEERING,  embracing  those  current 
in  the  Drawing  Office,  Pattern  Shop,  Foundry,  Fitting,  Turning,  Smith's  and 
Boiler  Shops,  &c.  &c.  Comprising  upwards  of  6,000  Definitions.  Edited  by 
A  Foreman  Pattern-Maker,  Author  of  "Pattern  Making."  Crown  8vo, 
7s,  6d.  cloth. 

"Just  the  sort  of  handy  dictionary  required  by  the  various  trades  engaged  in  mechanical  en- 
gineering. The  practical  engineering  pupil  will  find  the  book  of  great  value  in  his  studies,  and 
•every  foreman  engineer  and  mechanic  should  have  a  copy.  —Building  News. 

"After  a  careful  examination  of  the  book,  and  trying  all  manner  of  words,  we  think  that  the 
engineer  will  here  find  all  he  is  likely  to  require.     It  will  be  argely  used."— Practical  Engineer. 

"This  admirable  dictionary,  although  primarily  intended  for  the  use  of  draughtsmen  and  other 
technical  craftsmen,  is  of  much  larger  value  as  a  book  of  reference,  and  will  find  a  ready  welcome 
in  many  libraries." — Glasgow  Herald. 

"One  of  the  most  useful  books  which  can  be  presented  to  a  mechanic  or  stMdent."— English 
Mechanic. 

"  Not  merely  a  dictionary,  but,  to  a  certatn  extent,  also  a  most  valuable  guide.  It  strikes  us  as 
a  happy  idea  to  combine  with  a  definition  of  the  phrase  useful  information  on  the  subject  of  which 
it  txcats."—Afa,,hinery  Market. 

"  This  careiully-compiled  volume  forms  a  kind  of  pocket  cyclopaedia  of  the  extensive  subject 
to  which  it  is  devoted.  No  word  having  connection  with  any  branch  of  constructive  engineering 
seems  to  be  omitted.    No  more  comprehensive  work  has  been,  so  far,  issued." — Knoivledge. 

"  We  strongly  commend  this  useful  and  reliable  adviser  to  our  friends  in  the  workshop,  and  to 
■students  everywhere." — Colliery  Guardian. 

Steam  Boilers, 

A  TREATISE  ON  STEAM  BOILERS:  Their  Strength,  Con- 
struction, and  Economical  Working.  By  Robert  Wilson,  C.E.  Fifth  Edition. 
i2mo,  6s.  cloth. 

"The  best  treatise  that  has  ever  Veen  published  on  steam  hollen."— Engineer. 
"The  author  shows  himself  perfect  master  of  his  subject,  and  we  heartily  recommend  all  em- 
ploying steam  power  to  possess  themselves  of  the  ■woxk."—Jijlattd's  Iron  Tradt  Circular. 

Boiler  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS:  Their  Draught-Power 
and  Stability.  With  a  Chapter  on  Lightning  Conductors.  By  Robert 
Wilson,  C.E.,  Author  of  "A  Treatise  on  Steam  Boilers,"  &c.  Second 
Edition.    Crown  8vo,  3^.  6d.  cloth. 

"  Full  of  useful  information,  definite  in  statement,  and  thoroughly  practical  in  treatment."— 
The  Local  Gmemment  Chronicle. 

"  A  valuable  contribution  to  the  literature  of  scientific  building.  .  .  .  The  whole  subject  is 
a  very  interesting  and  important  one,  and  it  is  gratifying  to  know  that  it  has  fallen  into  such  com- 
petent hands."— The  Builder. 

Boiler  Making, 

THE  BOILER-MAKER'S  READY  RECKONER.    With  Ex- 
amples of  Practical  Geometry  and  Templating,  for  the  Use  of   Platers, 
Smiths  and  Riveters.    By  John  Courtney,  Edited  by  D,  K.  Clark,  M.LC.E. 
Second  Edition,  Revised,  with  Additions,  lamo,  5s.  half-bound. 
"  No  workman  or  apprentice  should  be  without  this  hook."— Iron  Trade  Circular. 
•"A  reliable  guide  to  the  working  boiler-maker." — Iron. 

"  Boiler-makers  will  readily  recognise  the  value  of  this  volume.  .  .  .  The  tables  are  clearly 
printed,  and  so  arranged  that  they  can  be  referred  to  with  th«  greatest  facility,  so  that  it  caooot  be 
doubted  that  they  will  be  generally  appreciated  and  much  used."— Afinifig  Journal. 
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Steam  Engine, 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  With  a  Sup- 
plement on  Gas  Engines.  By  T.  M.  Goodeve,  M.A.,  Barrister-at-Law, 
Author  of  "The  Elements  of  Mechanism,"  &c.  Tenth  Edition,  Enlarged. 
With  numerous  Illustrations.    Crown  8vo,  6s.  cloth.  {Just  published. 

"Professor  Goodeve  has  g^iven  us  a  treatise  on  the  steam  engine  which  wUl  bear  comparison 

with  anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no  higiier  praise." — Eng-ineer, 
"  Professor  Goodeve's  book  is  ably  and  clearly  written.     It  is  a  sound  work." — Athenceum. 
"  Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  possess  himself." 

—Mining  yournal. 

"  Essentially  practical  in    ts  aim.     The  manner  of  exposition  leaves  nothing  to  be  desired."— 

Scotiman, 

Gas  Engines. 

ON  GAS-ENGINES.  Being  a  Reprint,  with  some  Additions,  of 
the  Supplement  to  the  Text-book  on  the  Steam  Engine,  by  T,  M.  Goodeve, 
M.A.    Crown  8vo,  2s.  6d.  cloth.  [jfust  published. 

"  Like  all  Mr.  Goodeve's  writing^s,  the  presentl  s  no  exception  in  point  of  general  excellence. 
It  is  a  valuable  little  volume." — Mechanical  World. 

"  This  little  book  will  be  useful  to  those  who  desire  to  understand  how  the  gas-engine  works.' 
—EnglUh  Mechanic. 

Steain, 

THE  SAFE  USE  OF  STEAM.  Containing  Rules  for  Un- 
professional Steam-users.    By  an  Engineer,    Sixth  Edition.    Sewed,  6d. 

"  If  steam-users  would  but  learn  this  little  book  by  heart  boiler  explosions  would  become 
sensations  by  their  t3.x'\X.y."—£n£^lish  Mechanic. 

Coal  and  Speed  Tables, 

A  POCKET  BOOK  OF  COAL  AND  SPEED  TABLES,  for 
Engineers  and  Steam-users.  By  Nelson  Foley,  Author  of  "  Boiler  Con- 
struction,"   Pocket-size,  3s,  6d.  cloth  ;  4s.  leather. 

"  This  is  a  very  useful  book,  containing  very  useful  tables.  The  results  given  are  well  chosen, 
and  the  volume  contains  evidence  that  the  author  really  understands  his  subject.  We  can  recom- 
mend the  work  with  pleasure," — Mechanical  World. 

"  These  tables  are  designed  to  meet  the  requirements  of  every-day  use  ;  they  are  of  sufficient 
scope  for  most  practical  purposes,  and  may  be  commended  to  engineers  and  users  of  steam."— 
iron. 

"  This  pocket-book  well  merits  the  attention  of  the  practical  engineer.  Mr.  Foley  has  com- 
piled a  very  useful  set  of  tables,  the  information  contained  in  which  is  frequently  required  by 
engineers,  coal  consumers  and  users  of  steam." — Iron  and  Coal  Trades  Review. 

Fire  Engineering, 

FIRES,  FIRE-ENGINES,  AND  FIRE-BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Management ;  Re- 
marks on  Fire-Proof  Buildings,  and  the  Preservation  of  Life  from  Fire  ; 
Statistics  of  the  Fire  Appliances  in  English  Towns ;  Foreign  Fire  Systems  ; 
Hints  on  Fire  Brigades,  &c,  &c.  By  Charles  F.  T.  Young,  C.E.  With 
numerous  Illustrations,  544  pp.,  demy  8vo,  £1  4s.  cloth. 
"  To  such  of  our  readers  as  are  interested  in  the  subject  of  fires  and  fire  apparatus,  we  can  most 

heartily  commend  this  book.    It  is  really  the  only  English  work  we  now  have  upon  the  subject."— 

Engineering: 

"  It  displays  much  evidence  of  careful  research ;    and  Mr.  Young  has  put  his  facts  neatly 

together.   It  is  evident  enough  that  his  acquaintance  with  the  practical  details  of  the  construction  of 

steam  fire  engines,  old  and  new,  and  the  conditions  with  which  it  is  necessary  they  should  comply, 

is  accurate  and  iuM."— Engineer. 

Gas  lAghting, 

COMMON  SENSE  FOR  GAS-USERS:  A  Catechism  of  Gas- 
Lighting  for  Householders,  Gasfitters,  Millowners,  Architects,  Engineers,  etc. 
By  Robert  Wilson,  C,E.,  Author  of  "  A  Treatise  on  Steam  Boilers." 
Second  Edition,  with  Folding  Plates  and  Wood  Engravings.  Crown  8vo, 
price  IS.  in  wrapper. 

"  AU  ^as-users  will  decidedly  benefit,  both  In  pocket  and  comfort,  if  they  will  avail  themselves 
of  Mr.  Wilson's  counsels."— Engineering. 

JDynanio  Construction. 

HOW  TO  MAKE  A  DYNAMO  :  A  Practical  Treatise  for  Amateurs. 
Containing  numerous  Illustrations  and  Detailed  Instructions  for  Construct- 
ing a  Small  Dynamo,  to  Produce  the  Electric  Light.  By  Alfred  Crofts. 
Second  Edition,  Revised  and  Enlarged.  Crown  8vo,  2s.  cloth.  [Just  published. 
"The  instructions  given  in  this  unpretentious  little  book  are  sufficiently  clear  and  explicit  to 

enable  any  amateur  mechanic  possessed  of  average  skill  and  the  usual  tools  to  be  found  in  aa 

amateur's  workshop,  to  build  a  practical  dynamo^machine."— -C/^f/riaaw. 
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THE  POPULAR  WORKS  OF  MICHAEL  REYNOLDS 

("The  Engine  Driver's  Friend"). 

Locomotive-Engine  Driving, 

LOCOMOTIVE-ENGINE  DRIVING  :  A  Practical  Manual  for 
Engineers  in  charge  of  Locomotive  Engines.  By  Michael  Reynolds,  Member 
of  the  Society  of  Engineers,  formerly  Locomotive  Inspector  L.  B.  and  S.  C.  R. 
Eighth  Edition.  Including  a  Key  to  the  Locomotive  Engine.  With  Illus- 
trations and  Portrait  of  Author.  Crown  8vo,  4s.  6d.  cloth. 
"Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  well.  We  can  confidently  recommend 

the  book,  not  o«ly  to  the  practical  driver,  but  to  everyone  who  takes  an  interest  in  the  performance 

of  locomotive  engriaes."— 77k  Eng-ineer. 

"  Mr.  Reynolds  has  opened  a  new  chapter  in  the  literature  of  the  day.  This  admirable  practical 

treatise,  of  the  practical  utility  of  which  we  have  to  speak  in  terms  of  warm  commendation."— 

Athetttzutn. 

"  Evidently  tke  work  of  ohc  who  knows  his  subject  thoroughly."— Railway  Service  Gazette. 
"Were  the  cautions  and  rules  given  in  the  book  to  become  part  of  the  every-day  working  of 

our  en^ne- drivers,  we  mijfht  have  fewer  distressing  accidents  to  aGiilots," —Scotsman, 

Stationary  Engine  Driving, 

STATIONARY  ENGINE  DRIVING:  A  Practical  Manual  for 
Engineers  in  charge  of  Stationary  Engines.     By  Michael  Reynolds.     Third 
Edition,  Enlarged.    With  Plates  and  Woodcuts.    Crown  8vo,  4s.  6d.  cloth. 
"  The  author  is  thoroughly  acquainted  with  his  subjects,  and  his  advice  on  the  various  points 

treated  is  clear  and  practical.    ...    He  has  produced  a  manual  which  is  an  exceedingly  useful 

one  for  the  class  for  whom  it  is  specially  intended." — Engineerinz. 

"Our  author  leaves  no  stone  unturned.    He  is  determined  that  his  readers  shall  not  only  know 

something  about  the  stationary  engine,  but  all  ^owXW.."— Engineer. 

"An  engineman  who  has  mastered  the  contents  orMr.Reynolds"s  bookwll  require  but  little  actual 

experience  with  boilers  and  engines  before  he  can  be  trusted  to  look  after  them."— EttglishMechanic, 

The  Engineer,  Fireman,  and  Engine-Boy, 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN,  and 
ENGINE-BOY.  Comprising  a  Historical  Notice  of  the  Pioneer  Locomotive 
Engines  and  their  Inventors.  By  Michael  Reynolds.  With  numerous  Illus- 
trations and  a  fine  Portrait  of  George  Stephenson.  Crown  8vo,  4s.  6d.  cloth. 
"From  the  technical  knowledge  of  the  author  it  will  appeal  to  the  railway  man  of  to-day  more 
forcibly  than  anything  written  by  Dr.  Smiles.  .  .  .  The  volume  contains  information  of  a  tech- 
nical kmd,  and  facts  that  every  driver  should  be  familiar  with." — English  Mechanic. 

"We  should  be  glad  to  see  this  book  in  the  possession  of  everyone  in  the  kingdom  who  has 
ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine." — Iron. 

Continuous  Hailway  Brakesi 

CONTINUOUS  RAILWAY  BRAKES :  A  Practical  Treatise  on 
the  several  Systems  in  Use  in  the  United  Kingdom;  their  Construction  and 
Performance.  With  copious  Illustrations  and  numerous  Tables.  By  Michael 
Reynolds.    Large  crown  8vo,  gs.  cloth. 

"  A  popular  explanation  of  the  different  brakes.  It  will  be  of  great  assistance  in  forming  public 
opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  mterest  in  the  brake."— En£lish 
Mechanic.  . 

"  Written  with  sufficient  technical  detail  to  enable  the  principle  and  relative  connection  of  the 
various  parts  of  each  particular  brake  to  be  readily  sraspea."— Mechanical  IVorld. 

Engine-Driving  Life, 

ENGINE-DRIVING  LIFE  :  Stirring  Adventures  and    Incidents 
in  the  Lives  of  Locomotive-Engine  Drivers.    By  Michael  Reynolds.    Second 
Edition,  with  Additional  Chapters.    Crown  Svo.  2s.  cloth.        [Just  published. 
"From  first  to  last  perfectly  fascinating.    Wilkie  Collins's  most  thrilling  conceptions  are  thrown 
Into  the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page."— A^ur/A  British  Mail. 
"  Anyone  who  wishes  to  get  a  real  insight  into  railway  life  cannot  do  better  than  read  '  Engine- 
Driving  Life '  for  himself ;  and  if  he  once  take  it  up  he  will  find  that  the  author's  enthusiasm  and  real 
love  of  the  engine-driving  profession  will  carry  him  on  till  he  has  read  every  page."— Saturday  Review. 

Pocket  Companion  for  Enginemen, 

THE  ENGINEMAN'S  POCKET  COMPANION  AND  PRAC- 
TICAL EDUCATOR  FOR  ENGINEMEN,  BOILER  ATTENDANTS, 
AND  MECHANICS.  By  Michael  Reynolds.  With  Forty-five  Illustra- 
tions and  numerous  Diagrams.  Second  Edition,  Revised.  Royal  i8mo,  3s.  6d., 
strongly  bound  for  pocket  wear. 

"  This  admirable  work  is  well  suited  to  accomplish  its  object,  being  the  honest  workmanship  of 
a  competent  engineer." — Glasgoiu  Herald. 

"'  A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all  the  information  an  engme- 
er  desirous  of  mastering  the  scientific  principles  of  his  daily  calling  would  r^o^nxte.."— Miller. 
'  A  booa  to  those  wh«  are  striving  to  become  efficient  mechanics."— ZJaiVy  Chronicle. 
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French-English  Glossary  for  Engineers,  etc. 

A  POCKET  GLOSSARY  of  TECHNICAL  TERMS:  ENGLISH- 
FRENCH,  FRENCH-ENGLISH ;  with  Tables  SHitable  for  the  Architectural, 
Engineering,  Manufacturing  and  Nautical  Professions.  By  John  James 
Fletcher,  Engineer  and  Surveyor  ;  200  pp.  Waistcoat-pocket  size,  is.  6d., 
limp  leather. 

"  It  ought  certainly  to  be  in  the  waustcoat-pocket  of  every  professional  man.  —Iron. 

"  It  is  a  very  g:reat  advantage  for  readers  and  correspondents  in  France  and  England  to  have 
90  larg-e  a  number  of  the  vi-ords  relating  to  engineering  and  manufacturers  collected  m  a  liliputian 
Tolume.    The  little  book  will  be  useful  both  to  students  and  travellers."— ^rcAtVert. 

"  The  glossary  of  terms  is  very  complete,  and  many  of  the  tables  are  new  and  well  arranged. 
We  cordiaBy  commend  the  hoo\i.— Mechanical  World. 

Portable  Engines, 

THE  PORTABLE  ENGINE;  ITS  CONSTRUCTION  AND 
MANAGEMENT.  A  Practical  Manual  for  Owners  and  Users  of  Steam 
Engines  generally.  By  William  Dyson  Wansbrough.  With  90  Illustra- 
tions. Crown  8vo,  3s.  6d.  cloth. 
"  This  is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every- 
one who  has  a  steam  engine,  on  a  farm  or  elsewhere." — Mark  Lane  Express. 

"  We  cordially  commend  this  work  to  buyers  and  owners  of  steam  engines,  and  to  those  who 
have  to  do  with  their  construction  or  use." — Timber  Trades  yournal. 

"  Such  a  general  knowledge  of  the  steam  engine  as  Mr.  Wansbrough  furnishes  to  the  reader 
should  be  acquired  by  all  intelligent  owners  and  others  who  use  the  steam  engine.  ''—BiMdin^  News. 


CIVIL  ENGINEERING,  SURVEYING,  etc. 

MR.  NUMBER'S  IMPORTANT  ENGINEERING  BOOKS. 
The  Water  Supply  of  Cities  and  Towns, 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
OF  CITIES  AND  TOWNS.  By  William  Humber,  A-M.Inst.C.E.,  and 
M.  Inst.  M.E.,  Author  of  "  Cast  and  Wrought  Iron  Bridge  Construction," 
&c.  &c.  Illustrated  with  50  Double  Plates,  i  Single  Plate,  Coloured 
Frontispiece,  and  upwards  of  250  Woodcuts,  and  containing  400  pages  of 
Text.    Imp.  4to,  £6  6s.  elegantly  and  substantially  half-bound  in  morocco. 

List  of  Contents. 

I.  Historical  Sketch  of  some  of  the  means  " 
that  have  been  adopted  for  the  Supply  of  Water 
to  Cities  and  Towns.— II.  Water  and  the  Fo- 
reign Matter  usually  associated  with  it. — III. 
Ramfall  and  Evaporation. — IV.  Springs  and 
the  water-bearing  formations  of  various  dis- 
tricts.—V.  Measurement  and  Estimation  of  the 
flow  of  Water  —VI.  On  the  Selection  of  the 
Source  of  Supply.— VII.  WeUs.— VIII.  Reser- 
voirs.— IX.  The  Purification  of  Water.— X. 
Pumps.  —  XI.     Pumping    Machinery.  —  XII. 

"The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in  English,  «r 
In  any  other  language.  .  .  .  Mr.  Humber's  work  is  characterised  almost  throughout  by  an 
exhaustiveness  much  more  distinctive  of  French  and  German  than  of  English  technical  treatises." 
—Bng'iHeer. 

"  We  can  congratulate  Mr.  Humber  on  having  been  able  to  give  so  large  an  amount  of  infor- 
mation on  a  subject  so  important  as  the  water  supply  of  cities  and  towns.  The  plates,  fiity  in 
number,  are  mostly  drawings  of  executed  works,  and  alone  would  have  commanded  the  attention 
of  every  engineer  whose  practice  may  lie  in  this  branch  of  the  profession."— Builder. 

Cast  and  Wrought  Iron  Bridge  Construction. 

A  COMPLETE  AND  PRACTICAL  TREATISE  ON  CAST 
AND  WROUGHT  IRON  BRIDGE  CONSTRUCTION,  including  Iron 
Foundations.  In  Three  Parts — Theoretical,  Practical,  and  Descriptive.  By 
William  Humber,  A. M.Inst. C.E.,  and  M.Inst. M.E.  Third  Edition,  Re- 
vised and  much  improved,  with  115  Double  Plates  (20  of  which  now  first 
appear  in  this  edition),  and  numerous  Additions  to  the  Text.  In  Two  Vols., 
imp.  4to,  £6  16s.  6d.  half-bound  in  morocco. 

"A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addition  to 
elevations,  plans  and  sections,  large  scale  details  are  given  which  very  much  enhance  the  instruc- 
tive worth  of  those  \&\xsX.xzX\0ViS,."— Civil  Enp.neer  and  Architect's  Journal. 

"Mr.  Humber's  stately  volumes,  lately  issued — in  which  the  most  important  bridges  erected 
during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cubitt,  Mr.  Hawk- 
shaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans.  and  others  among  our  most  eminent  engineers,  are 
drawn  and  specified  in  great  detail."— £"«^t««r 


Conduits.— XIII.  Distribution  of  Water.— XIV. 
Meters,   Service  Pipes,  and  House  Fittings. — 

XV.  The  Law  and  Economy  of  Water  Works. 

XVI.  Constant   and    Intermittent   Supply.— 

XVII.  Description  of  Plates.  —  Appendices, 
giving  Tables  of  Rates  of  Supply,  Velocities, 
&c.  &c.,  together  with  Specifications  of  several 
Works  illustrated,  amqng  which  will  be  found  : 
Aberdeen,  Bideford,  Canterbury,  Dundee, 
Halifax,  Lambeth,  Rotherhcim,  Dublin,  and 
others. 


CROSBY  LOCK  WOOD  &-  SON'S  CATALOGUE. 


MR.  NUMBER'S  GREAT  WORK  ON  MODERN  ENGINEERING. 

Complete  in  Four  Volumes,  imperial  4to,  price  £12  12s.,  half-morocco.    Each 
Volume  sold  separately  as  follows : — 

I  RECORD  OF  THE  PROGRESS  OF  MODERN  ENGINEER- 
ING. First  Series.  Comprising  Civil,  Mechanical,  Marine,  Hydraulic, 
Railway,  Bridge,  and  other  Engineering  Works,  &c.  By  William  Humber, 
A-M.Inst.C.E.,  &c.  Imp.  4to,  with  36  Double  Plates,  drawn  to  a  large  scale, 
Photographic  Portrait  of  John  Hawkshaw,  C.E.,  F.R.S.,  &c.,  and  copious 
descriptive  Letterpress,  Specihcations,  &c.,  £s  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 


Thames,  West  London  Extension  Railway  (S 
plates);  Armour  Plates:  Suspension  Bridge, 
Thames  (4  plates) ;  The  Allen  Engine ;  Stis- 
pension  Bridg^e,  Avon  (3  plates) ;  Underground 
Railway  (3  plates). 


Victoria  Station  and  Roof,  L.  B.  &  S.  C.  R. 
(8  plates) ;  Southport  Pier  (2  plates) ;  Victoria 
Station  and  Roof.  L.  C.  &  D.  and  G.  W.  R.  (6 
plates);  Roof  of  Cremorne  Music  Hall;  Bridge 
over  G.  N.  Railway  ;  Roof  of  Station,  Dutch 
Rhenish    Rail    (2  plates) ;    Bridge    over    the 

"  Handsomely  lithographed  and  printed.  It  will  find  favour  with  many  who  desire  to  preserv* 
In  a  permanent  form  copies  of  the  plans  and  specifications  prepared  for  the  guidance  of  the  con- 
tractors for  many  important  engineering  •wor)^s."— Engineer. 

NUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Second 
Series.  Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of  Robert 
Stephenson,  C.E.,  M.P.,  F.R.S.,  &c.,  and  copious  descriptive  Letterpress, 
Specifications,  &c.,  £3  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 


and  Abergavenny  Railway;  Ebbw  Viaduct, 
Merthyr,  Tredegar,  and  Abergavenny  Rail- 
way ;  College  Wood  Viaduct.  Cornwall  Rail- 
way;  Dublin  Winter  Palace  Roof  (3  platesji ; 
Bridge  over  the  Thames,  L.  C.  &  D.  RaUway 
(6  plates) ;  Albert  Harbour,  Greenock  (4  plates). 


Birkenhead  Docks,  Low  Water  Basin  (15 

gates);  Charing  Cross  Station  Roof,  C.  C. 
ailway  (3  plates) ;  Digswell  Viaduct,  Great 
Northern  Railway ;  Robbery  Wood  Viaduct, 
Great  Northern  Railway ;  Iron  Permanent 
Way;  Clydach  Viaduct,   Merthyr,   Tredegar, 

"  Mr.  Humber  has  done  the  profession  good  and  true  service,  by  the  fine  collection  of  examples 
he  has  here  brought  before  the  profession  and  the  public." — Practical  Mecha^iic's  Journal. 

HUMBERTS  RECORD  OF  MODERN  ENGINEERING.  Third 
Series.  Imp.  4to,  with  40  Double  Plates,  Photographic  Portrait  of  J.  R. 
M'Clean,  late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress,  Speci- 
fications, &c.,  £z  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 
Main  Drainage,  Metropolis.— A'i»-/A     1    Sewer,  Reservoir  and  Outlet  (4  platrs) ;  OutfeH 


Sewer,  Filth  Hoist ;  Sections  of  Sewers  (North 
and  South  Sides). 

Thames  Embankment.— Section  of  Rhrer 
Wall ;  Steamboat  Pier,  Westminster  (2  plates): 
Landing  Stairs  between  Charing  Cross  and 
Waterloo  Bridges ;  York  Gate  (2  plates) ;  Over- 
flow and  Outlet  at  Savoy  Street  Sewer  (3  plates)-; 
Steamboat  Pier,  Waterloo  Bridge  (3  plates)* ; 
Junction  of  Sewers,  Plans  and  Sections ; 
Gullies,  Plans  and  Sections ;  Rolling  Stock  ; 
Granite  and  Iron  Forts. 


Siiif. — Map  showing  Interception  of  Sewers  ; 
Middle  Level  Sewer  (2  plates) ;  Outfall  Sewer, 
Bridge  over  River  Lea  (3  plates) ;  Outfall  Sewer, 
Bridge  over  Marsh  Lane,  North  Woolwich 
Railway,  and  Bow  and  Barking  Railway  Junc- 
tion ;  Outfall  Sewer,  Bridge  over  Bow  and 
Barking  Railway  (^  plates);  Outfall  Sewer. 
Bridge  over  East  Lr.ndon  Waterworks'  Feeder 
(2  plates);  Outfall  Sever,  Reservoir  (2  plates) ; 
Outfall  Sewer,  Tumbling  Bay  and  Outlet ;  Out- 
fall Sewer,  Penstocks.  South  5j(3'<'.— Outfall 
Sewer,  Bermondscy  Branch  (2  plates);  Outfall 

"  The  drawings  have  a  constantly  increasing  value,  and, whoever  desires  to  possess  clear  repre- 
sentations of  the  two  great  works  carried  out  by  our  Metropolitan  Board  will  obtain  Mr.  Humber's 
volume." — Engineer, 

HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Fourth 
Series.  Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of  John 
Fowler,  late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress,  Speci- 
fications, &c.,  £i  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 
Abbey  Mills  Puniplng  Station,  Main  Drain- 
■ee.   Metropolis  (4  plates) ;    Barrow  Docks  {< 
pUtes) ;    Manquis  Viaduct,  Santiago  and  Val- 
paraiso Railway  (2  plates);   Adam's  Locomo- 


Mesopotamia ;  Viaduct  over  the  River  Wye, 

3t.  Germans  Via- 

(2  ph 

Iron  Cylinder  for  Diving  Bell ;  Millwall  Docks 


Midland  Railway  (3  plates) ;  St.  Germans 
duct,  Cornwall  Railway  (2  plates) ;   Wrought 


(6  plates) ;  Milroy's  Patent  Excavator ;  Metro- 
politan District  Railway  (6  plates);  Harbours, 
Ports,  and  Breakwaters  (3  plates). 


tJve,  St.  Helen's  Canal  Railway  (2  plates) ; 
Cannon  Street  Station  Roof,  Charing  Cross 
Railway  (3  plates) ;  Road  Bridge  over  the  River 
Moka  (2  plates) ;  Telegraphic  Apparatus  for 

"We  g<adly  welcome  another  year's  issue  of  this  valuable  publication  from  the  able  pen  ot 
Mr.  Humber.  The  accuracy  and  general  excellence  of  this  work  are  well  known,  while  its  useful- 
ness in  giving  the  measurements  and  details  of  some  of  the  latest  examples  of  engineering,  as 
carried  out  by  the  most  eminent  men  in  the  profession,  cannot  be  too  highly  priztd."—ArtizaM, 
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MR.  NUMBER'S  ENGINEERING  BOOKS— continued. 
Strains,  CalciUation  of, 

A  HANDY  BOOK  FOR  THE  CALCULATION  OF  STRAINS 
JN  GIRDERS  AND  SIMILARSTRUCTURES,ANDTHEIRSTRENGTH. 
Consisting  of  Formulae  and  Corresponding  Diaerams,  with  numerous  details 
for  Practical  Application,  &c.  By  William  Huv:jer,  A-M.Inst.C.E.,  &c. 
Fourth  Edition.  Crown  8vo,  nearly  100  Woodcuts  and  3  Plates,  7s.  6d.  cloth. 
"  The  formulae  are  neatly  expressed,  and  the  diagrams  good." — Athenautn, 
"  We  heartily  commend  this  really  handy  book  to  our  engineer  and  architect  readers."— £»<jr- 
lish  MecStanic, 

Barlow's  Strength  of  Materials,  enlarged  byHumber 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS  : 
with  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Bridges,  Railways,  &c.  By  Peter  Barlow,  F.R.S.  A  New  Edition,  revised 
by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S.  ;  to  which 
are  added.  Experiments  by  Hodgkinson,  Fairbairn,  and  Kirkaldy  ;  and 
Formulae  for  Calculating  Girders,  &c.  Arranged  and  Edited  by  W.  Humber> 
A-M.Inst.C.E.  Demy  8vo,  400  pp.,  with  19  large  Plates  and  numerous  Wood- 
cuts, i8s.  cloth. 
"  Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner,  It  will  always  rank  ia 

future,  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject." — Engineer. 
"  There  is  no  greater  authority  than  BaxXovi."— Buildings  News, 
^  "  As  a  scientific  work  of  the  first  class,  it  deserves  a  foremost  place  on  the  bookshelves  of  every 

civil  engineer  and  practical  mechanic." — English  Mechanic. 


Trigonometrical  Surveying, 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geographical  and 
Topographical  Maps  and  Plans,  Military  Reconnaissance,  Levelling,  &c.,  with 
Useful  Problems,  Formulae,  and  Tables.  By  Lieut.-General  Frome,  R.E. 
Fourth  Edition,  Revised  and  partly  Re-written  by  Major  General  Sir  Charles 
Warren,  G.C.M.G.,  R.E.  With  19  Plates  and  115  Woodcuts,  royal  8vo,  i6s. 
cloth. 

"The  simple  fact  that  a  fourth  edition  has  been  called  for  is  the  best  testimony  to  its  meritn. 
No  words  of  praise  from  us  can  strengthen  the  position  so  well  and  so  steadily  maintained  by  this 
work.  Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were  necessary 
to  bring  every  portion  of  the  contents  up  to  the  present  da^te."— Broad  Arrow. 

Oblique  Bridges, 

A  PRACTICAL  AND  THEORETICAL  ESSAY  ON  OBLIQUE 
BRIDGES.  With  13  large  Plates.  By  the  late  George  Watson  Buck, 
M.I.C.E.  Third  Edition,  revised  by  his  Son,  J.  H.  Watson  Buck,  M.I.C.E.  ; 
and  with  the  addition  of  Description  to  Diagrams  for  Facilitating  the  Con- 
struction of  Oblique  Bridges,  by  W.  H.  Barlow,  M.I.C.E.  Royal  Bvo,  12s. 
cloth. 

"  The  standard  text-book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck's  treatise,  and  \t 
would  be  impossible  to  consult  a  better. ' — Engineer. 

"Mr.  Buck's  treatise  is  recognised  as  a  standard  text-book,  and  his  treatment  has  divested  tha 
subject  of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  aud  archi- 
tect, on  a  confessedly  difficult  subject,  Mr.  Buck's  work  is  unsurpassed."— .fi«»/<^t«jg-AV?yj. 

Water  Storage,  Conveyance  and  Utilisation, 

WA  TER  ENGINEERING  :  A  Practical  Treatise  on  the  Measure- 
ment, Storage,  Conveyance  and  Utilisation  of  Water  for  the  Supply  of  Towns, 
for  Mill  Power,  and  for  other  Purposes.  By  Charles  Slagg,  Water  and 
Drainage  Engineer,  A.M. Inst. C.E.,  Author  of  "  Sanitary  Work  in  the  Smaller 
Towns,  and  in  Villages,"  &c.  With  numerous  Illustrations.  Crown  8vo. 
ys.  6d.  cloth.  [Just  published. 

"As  a  small  practical  treatise  on  the  water  supply  of  towns,  and  on  some  applications  o5" 

water-power,  the  work  is  in  many  respects  exeWent."— Engineering. 

"  The   author  has  collated  the  results  deduced  from  the  experiments  of  the  most  eminent 

authorities,  and  has  presented  them  in  a  compact  and  practical  form,  accompanied  by  very  clear 

and  detailed  explanations.    .    .    .    The  application  of  water  as  a  motive  power  is  treated  very 

carefully  and  exhaustively  " — Builder. 

"For  anyone  who  desires  to  begin  the  study  of  hydraulics  with  a  consideration  of  the  practicaS 

applications  of  the  science  there  is  no  better  g\iide.  '—Architect. 
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Statics,  Graphic  and  Analytic, 

GRAPHIC  AND  ANALYTIC  STATICS,  in  their  Practical  Appii. 
cation  to  the  Treatment  of  Stresses  in  Roofs,  Selid  Girders,  Lattice,  Bowstring 
and  Suspension  Bridges,  Braced  Iron  Arches  and  Piers,  and  other  Frameworks, 
By  R.  Hudson  Graham,  C.E.  Containing  Diagrams  and  Plates  to  Scale. 
With  numerous  Examples,  many  taken  from  existing  Structures.  Specially 
arranged  for  Class-work  in  Colleges  and  Universities.  Second  Edition,  Re- 
vised and  Enlarged.  8vo,  ifo.  cloth. 
"  Mr,  Graham's  book  will  find  a  place  wherever  graphic  and  analytic  statics  are  used  or  studied." 
—Engineer. 

"  The  work  is  excellent  from  a  practical  point  of  view,  and  has  evidently  been  prepared  with 
much  care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of  well- 
selected  examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman."— .<4/A<n<rMM. 

Student's  Text-Book  on  Surveying, 

PRACTICAL  SURVEYING  :  A  Text-Book  for   Students  pre- 
paring for  Examination  or  for  Survey-work  in  the  Colonies.    By  George 
W.  UsiLL,  A.M.I. C.E.,  Author  of  "The  Statistics  of  the  Water  Supply  of 
Great  Britain."  With  Four  Lithographic  Plates  and  upwards  of  330  Illustra- 
tions.   Crown  8vo,  ys.  6d.  cloth.  [Just  published. 
*'  The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  modes  of 
•employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author,  in  his 
experience  as  surveyor,  draughtsman  and  teacher,  has  found  necessary,  and  which  the  student 
in  his  inexperience  will  find  most  seTvic&ahlc."— Engineer. 

"  We  have  no  hesitation  in  saying  that  the  student  will  find  this  treatise  a  better  guide  than 
any  of  its  predecessors.  ...  It  deserves  to  be  recognised  as  the  first  book  which  should  be  put  in 
the  hands  of  a  pupil  of  Civil  Engineering,  and  every  gentleman  of  education  who  sets  out  for  the 
Colonies  would  find  it  well  to  have  a  co^y."— Architect. 

"A  very  useful,  practical  handbook  on  field  practice.  Clear,  accurate  and  not  too  con- 
densed."— Journal  of  Education. 

Swrvey  Practice, 

AID  TO  SURVEY  PRACTICE,  for  Reference  in  Surveying,  Level- 
ling, Setting-out  and  in  Route  Surveys  of  Travellers  by  Land  and  Sea.  With 
Tables,  Illustrations,  and  Records.  By  Lowis  D'A.  Jackson,  A.M.I.C.E., 
Author  of  "  Hydraulic  Manual,"  "  Modern  Metrology,"  &c.  Second  Edition, 
Enlarged.  Large  crown  8vo,  12s.  6d.  cloth. 
"  Mr.  Jackson  has  produced  a  valuable  vade-mecum  for  the  surveyor.    We  can  recommend 

this  book  as  containing  an  admirable  supplement  to  the  teaching  of  the  accomplished  surveyor."— 

Athenaum. 

"  As  a  text-book  we  should  advise  all  surveyors  to  place  it  in  their  libraries,  and  study  well  the 

matured  instructions  afforded  in  its  pages." — Colliery  Uuardiajt. 

"  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  experience  which, 

aided  by  a  clear  and  lucid  style  of  writing,  renders  the  book  a  very  useful  oim."— Builder, 

Surveying,  Land  and  Marine, 

LAND  AND  MARINE  5C7i?F£:7/iVG,  in  Reference  to  the  Pre- 
paration of  Plans  for  Roads  and  Railways ;  Canals,  Rivers,  Towns'  Water 
Supplies;  Docks  and  Harbours.  With  Description  and  Use  of  Surveying 
Instruments.  By  W.  D.  Haskoll,  C.E„  Author  of  "  Bridge  and  Viaduct  Con- 
struction," &c.  Second  Edition,  with  Additions.  Large  crown  Bvo,  gs.  cloth. 
"  This  book  must  prove  of  ereat  value  to  the  student.  We  have  no  hesitation  in  recommend- 
ing it,  feeling  assured  that  it  will  more  than  repay  a  careful  study."— AfecMauical  IVorld. 

"  We  can  strongly  recommend  it  as  a  carefully-written  and  valuable  text-book.  It  enjoys  a  well- 
deserved  repute  among  surveyors."— 5wt7rfrfr. 

"  This  volume  cannot  fail  to  prove  of  the  utmost  practical  utility.  It  may  be  safely  recommended 
to  all  students  who  aspire  to  become  clean  and  expert  surveyors."— ^imwj^  Journal. 

Tunnelling, 

PRACTICAL  TUNNELLING,  Explaining  in  detail  the  Setting- 
out  of  the  works,  Shaft-sinking  and  Heading-driving,  Ranging  the  Lines  and 
Levelling  underground,  Sub-Excavating,  Timbering,  and  the  Construction 
of  the  Brickwork  of  Tunnels,  with  the  amount  of  Labour  required  for,  and  the 
Cost  of,  the  various  portions  of  the  work.  By  Frederick  W.  Simms,  F.G.S., 
M.Inst.C.E.  Third  Edition,  Revised  and  Extended  by  D.  Kinnear  Clark, 
M.Inst.  C.E. ;  Imperial  8vo,  with  21  Folding  Plates  and  numerous  Wood 
Engravings,  30s.  cloth. 

"The  estimation  in  which  Mr.  Simms's  book  on  tunnelling  has  been  held  for  over  thirty  years 
cannot  be  moretrulyexpressed  than  in  the  words  of  the  late  Prof.  Rankine :—' The  best  source  of  in- 
formation on  the  subject  of  tunnels  is  Mr.  F.W.  Simms's  work  on  Practical  Tunnelling." '  —ArchtUct. 
"  It  has  been  regarded  from  the  first  as  a  text  book  of  the  subject.  .  .  .  Mr.  Clarke  has  added 
iatmensely  to  the  value  of  the  h<xl\ii."— Engineer. 
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Levelling, 

A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OF 
LEVELLING.  Showing  its  Application  to  purposes  of  Railway  and  Civil 
Engineering,  in  the  Construction  of  Roads ;  with  Mr.  Telford's  Rules  for  the 
same.  By  Frederick  W.  Simms.F.G.S.,  M.Inst.C.E.  Seventh  Edition,  with 
the  addition  of  Law's  Practical  Examples  for  Setting-out  Railway  Curves,  and 
Trautwine's  Field  Practice  of  Laying-out  Circular  Curves.  With  7  Plates 
and  numerous  Woodcuts,  8vo,  8s.  6rf.  cloth.  *:^*  Trau  twine  on  Curves 
may  be  had  separate,  5s. 
"  The  text-book  on  levellingr  in  most  of  our  engineering  schools  and  co]leges."—Eng^'neer. 
"  The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to  the  younger 
members,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  yiot\s.."— Engineerings. 

Meat,  Expansion  hy, 

EXPANSION  OF  STRUCTURES  BY  HEAT.  By  John 
Keily,  C.E.,  late  of  the  Indian  Public  Works  and  Victorian  Railway  Depart- 
ments.   Crown  8vo,  3s.  6d.  cloth. 

Summary  of  Contents. 
Section     I.  Formulas  and  Data.  Section     VL  Mechanical  Force  of 

Section   U.  Metal  Bars.  Heat. 

Section  IIL  Simple  Frames.  Section  VH.  Work     of    Expansion 

Section  IV.  Complex    Frames  ]  and  and  Contraction. 

Plates.  Section  VIII.  Suspension  Bridges. 

Section    V.  Thermal  Conductivity.        Section     IX.  Masonry  Structures. 
"  The  aim  the  author  has  set  before  him,  viz.,  to  show  the  effects  of  heat  upon  metallic  and 
other  structures,  is  a  laudable  one,  for  this  is  a  branch  of  physics  upon  which  the  engineer  or  archi- 
tect can  find  but  little  reliable  and  comprehensive  data  in  hooks."— Builder. 

"  Whoever  is  concerned  to  know  the  effect  of  changes  of  temperature  on  such  structures  as 
suspension  bridges  and  the  like,  could  not  do  better  than  consult  Mr.  Kelly's  valuable  and  handy 
exposition  of  the  geometrical  principles  involved  in  these  chinges."—Scols?nan. 

Practical  Mathematics. 

MA  THEM  A  TICS  FOR  PR  A  CTICA  L  MEN :  Being  a  Common- 
place Book  of  Pure  and  Mixed  Mathematics.    Designed  chiefly  for  the  use 
of  Civil  Engineers,  Architects  and  Surveyors.    By   Olinthus    Gregory, 
LL.D,,  F.R.A.S.,  Enlarged  by  Henry   Law,  C.E.    4th  Edition,  carefully 
Revised  by  J.  R.Young,  formerly  Professor  of  Mathematics,  Belfast  CollegCi 
With  13  Plates,  8vo,  £1  is.  cloth. 
"  The  engineer  or  architect  will  here  find  ready  to  his  hand  rules  for  solving  nearly  every  mathe- 
matical difficulty  that  may  arise  in  his  practice     The  rules  are  in  all  cases  explained  by  means  of 
examples,  in  which  every  step  of  the  process  is  clearly  worked  out." — Builder. 

"  It  is  an  instructive  book  for  the  student,  and  a  text-book  for  him  who,  having  once  mastered 
the  subjects  it  treats  of,  needs  occasionally  to  refresh  his  memory  upon  them."— Building  News. 

Hydraulic  Tables, 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULJE 

for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and 
Rivers.  With  New  Formulae,  Tables,  and  General  Information  on  Rainfall, 
Catchment-Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Neville,  Civil  Engineer,  M.R.I.A.  Third  Edition,  care- 
fully Revised,  with  Additions.  Numerous  Illustrations.  Cr.  8vo,  14s.  cloth. 
"  Alike  valuable  to  students  and  engineers  in  practice  ;  its  study  will  prevent  the  annoyance  of 
avoidable  failures,  and  assist  them  to  select  the  readiest  means  of  successfully  carrying  out  any 
given  work  connected  with  hydraulic  engineering." — Mifiinrr  yournal. 

"  It  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  completeness.  .  .  .  From  the 
good  arrangement  of  the  matter,  the  clear  explanations,  and  abundance  of  formulae,  the  carefully 
calculated  tables,  and,  above  all,  the  thorough  acquaintance  with  both  theory  and  construction, 
which  is  displayed  from  first  to  la^t,  the  book  will  be  found  to  be  an  acquisi^on,"— A rchtlect. 

Hydraulics, 

HYDRA  ULIC  MANUAL.     Consisting  of  Working  Tables  and 
Explanatory  Text.    Intended  as  a  Guide  in  Hydraulic  Calculations  and  Field 
Operations.    By  Lowis  D'A.  Jackson,  Author  of  "Aid  to  Survey  Practice," 
"  Modern  Metrology,"  &c.    Fourth  Edition,  Enlarged.    Large  cr.  Svo,  i6s.  cl, 
"  The  author  has  had  a  wide  experience  in  hydraulic  engineering  and  has  been  a  careful  ob- 
server of  the  facts  which  have  come  under  his  notice,  and  from  the  great  mass  of  material  at  his 
command  he  has  constructed  a  manual  which  may  be  accepted  as  a  trustworthy  guide  to  this 
branch  of  the  engineer's  profession.     We  can  heartily  recommend  this  volume  to  all  who  desire  to 
be  acquainted  with  the  latest  development  of  this  important  subject." — Engineering. 

"  The  most  useful  feature  of  this  work  is  its  freedom  from  what  is  superannuated,  and  its 
thorough  adoption  of  recent  experiments ;  the  text  is,  in  fact,  in  great  part  a  short  account  of  the 
great  modem  experiments."— iVa^r*. 
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Drainage, 

ON  THE  DRAINAGE  OF  LANDS,  TOWNS  AND  BUILD- 
INGS.  By  G.  D.  Dempsey,  C.E.,  Author  of  "The  Practical  Railway  En- 
gineer," &c.  Revised,  with  large  Additions  on  Recent  Practice  in 
Drainage  Engineering,  by  D.  Kinnear  Clark,  M.Inst.C.E.  Author  of 
"Tramways  :  Their  Construction  and  Working,"  "  A  Manual  of  Rules,  Tables, 
and  Data  for  Mechanical  Engineers,"  &c.  &c.  Crown  8vo,  7s.  6d.  cloth, 
•'  The  new  matter  added  to  Mr.  Dempsey  s  excellent  work  is  characterised  by  the  comprehen- 
sive grasp  and  accuracy  of  detail  for  which  the  name  of  Mr.  D,  K.  Clark  is  a  sufhcient  voucher."— 

"  As  a  work  on  recent  practice  in  drainage  engineering,  the  book  is  to  be  commended  to  all 
who  are  making  that  branch  of  engineering  science  their  special  study."— /ro«. 

"  A  comprehensive  manual  on  drainage  engineering,  and  a  useful  introduction  to  the  student." 
Builelin^  News, 

Tramways  and  their  Working, 

TRAMWAYS:  THEIR  CONSTRUCTION  AND  WORKING. 
Embracing  a  Comprehensive  History  of  the  System  ;  with  an  exhaustive 
Analysis  of  the  various  Modes  of  Traction,  including  Horse-Power,  Steam, 
Heated  Water,  and  Compressed  Air ;  a  Description  of  the  Varieties  of  Rolling 
Stock;  and  ample  Details  of  Cost  and  Working  Expenses:  the  Progress 
recently  made  in  Tramway  Construction,  &c.  &c.  By  D.  Kinnbar  Clark, 
M.Inst.C.E.  With  over  200  Wood  Engravings,  and  13  Folding  Plates.  Two 
Vols.,  large  crown  8vo,  30s.  cloth. 
"  All  interested  in  tramways  must  refer  to  it,  as  all  railway  engineers  have  turned  to  the  author's 

work  '  Railway  Machinery.'"— £«^i«^(»r. 

"  An  exhaustive  and  practical  work  on  tramways,  in  which  the  history  of  this  kind  of  locomo. 

tion,  and  a  description  and  cost  of  the  various  modes  of  laying  tramways,  are  to  be  found. ' — 

Bi*ilding  Neivs. 

"  The  best  form  of  rails,  the  best  mode  of  construction,  and  the  best  mechanical  appliances 

are  so  fairly  indicated  in  the  work  under  review,  that  any  engineer  about  to  construct  a  tramway 

will  be  enabled  at  once  to  obtain  the  practical  information  which  will  be  of  most  service  to  him."— 

^thenaum. 

Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  OP 
OBLIQUE  ARCHES.    By  John  Hart.    Third  Edition,  with  Plates.    Im- 
erial  8vo,  8s.  cloth. 

Curves,  Tables  for  Setting-out, 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES 
for  Setting-out  Curves  from    5  to  200  Radius.     By  Alexander  Beazeley, 
M.Inst.C.E.    Third  Edition.    Printed  on  48  Cards,  and  sold  in  a  cloth  boa, 
waistcoat-pocket  size,  35.  6d. 
"  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves  the  hands 

free  to  manipulate  the  instrument — no  small  advantage  as  regards  the  rapidity  of  work." — Engineer. 
"Very  handy  ;  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these  cards,  which 

he  puts  into  his  own  card-case,  and  leaves  the  rest  h«\i\ad."—Athtnaum. 

Earthwork, 

EARTHWORK  TABLES.  Showing  the  Contents  in  Cubic 
Yards  of  Embankments,  Cuttings,  &c.,of  Heights  or  Depths  up  to  an  average 
of  80  feet.    By  Joseph  Broadbent,  C.E.,  and  Francis  Campin,  C.E.    Crown 

8vo,  5s.  cloth. 

"The  way  in  which  accuracy  is  attained,  by  a  simple  division  of  each  cross  section  into  three 
elements,  two  in  which  are  constant  and  one  variable,  is  ingenious." — Athenaeum. 

Tunnel  Shafts, 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS  :  A 

Practical   and    Theoretical  Essay.      By  T.  H.  Watson  Buck,  M.Inst.C.E., 

Resident  Engineer,  London  and  North-Western  Railway.    Illustrated  with 

Folding  Plates,  royal  8vo,  125.  cloth. 

"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason  ;  and  the  observations 

on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates  will  be 

found  of  considerable  use.  We  commend  the  book  to  the  engineering  profession." — BuUdinif  News. 

"Will  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  calculated  to  save  much  time 

and  obviate  many  mistakes."— Ci^/Zttrry  Guardian. 

Girders,  Strength  of, 

GRAPHIC  TABLE  FOR  FACILITATING  THE  COMPUTA- 
TION OF  THE  WEIGHTS  OF  WROUGHT  IRON  AND  STEEL 
GIRDERS,  etc.,  for  Parliamentary  and  other  Estimates.  By  J.  H.  Watson 
Buck,  M.Inst.C.E,    On  a  Sheet,  2s. 6d, 
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Miver  Engmeering. 

RIVER  BARS:  The  Causes  of  their  Formation,  and  their  Treat- 
ment by  "  Induced  Tidal  Scour ;  "  with  a  Description  of  the  Successful  Re- 
duction by  this  Method  of  the  Bar  at  Dublin.  By  A.  J.  Mann,  Assist.  Eng. 
to  the  Dublin  Port  and  Docks  Board.  Royal  8vo,  7s.  6d.  cloth. 
"  We  recommend  all  interested  in  harbour  works — and,  indeed,  those  concerned  in  the  im- 
provements of  rivers  generally— to  read  Mr.  Mann's  interesting  work  on  the  treatment  of  river 
haTS."—£n£-ineer, 

Trusses, 

TRUSSES  OF  WOOD  AND  IRON.  Practical  Applications  of 
Science  in  Determining  the  Stresses,  Breaking  Weights,  Safe  Loads,  Scantlings, 
and  Details  of  Construction,  with  Complete  Working  Drawings.  By  William 
Griffiths,  Surveyor,  Assistant  Master,  Tranmere  School  of  Science  and 
Art.    Oblong  8vo,  4s.  6d.  cloth. 

"  This  handy  little  book  enters  so  minutely  into  every  detail  connected  with  the  construction  of 
roof  trusses,  that  no  student  need  be  ignorant  of  these  mattcis."— /'radical  Engineer. 

Railway  Working, 

SAFE  RAILWAY  WORKING.  A  Treatise  on  Railway  Acci- 
dents :  Their  Cause  and  Prevention ;  with  a  Description  of  Modern  Appliances 
and  Systems.  By  Clement  E.  Stretton,  C.E.,  Vice-President  and  Con- 
sulting Engineer,  Amalgamated  Society  of  Railway  Servants.  With  Illus- 
.trations  and  Coloured  Plates,  crown  8vo,  4s,  6d.  strongly  bound. 
"  A  book  for  the  engineer,  the  directors,  the  managers  ;  and,  in  short,  all  who  wish  for  informa- 
fcioa  on  railway  matters  will  find  a  perfect  encyclopaedia  in  '  Safe  Railway  Working."  "—Rail-way 
Review. 

"  We  commend  the  remarks  on  railway  signalling  to  all  railway  managers,  especially  where  a 
aniform  code  and  practice  is  advocated." — Herepath's  Rail-way  Journal. 

"The  author  maybe  congratulated  on  having  collected,  in  a  very  convenient  form,  much 
valuable  information  on  the  principal  questious  affecting  the  safe  working  of  railways." — Rail- 
way Engineer. 

Field-Booh  for  JEngineers, 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  AND  CON- 
TRA CTOR  'S  FIELD-BOOK.  Consisting  of  a  Series  of  Tables,  with  Rules, 
Explanations  of  Systems,  and  use  of  Theodolite  for  Traverse  Surveying  and 
Plotting  the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only  ;  Levelling  with  the  Theodolite,  Casting-out  and  Reducing 
Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary  manner ;  setting-out 
Curves  with  the  Theodolite  by  Tangential  Angles  and  Multiples,  with  Right 
and  Left-hand  Readings  of  the  Instrument:  Setting-out  Curves  without 
Theodolite,  on  the  System  of  Tangential  Angles  by  sets  of  Tangents  and  Off- 
sets :  and  Earthwork  Tables  to  80  feet  deep,  calculated  for  every  6  inches  in 
depth.  By  W.  Davis  Haskoll,  C.E.  With  numerous  Woodcuts.  Fourth 
Edition,  Enlarged.    Crown  8vo,  12s.  cloth. 

"The  book  is  very  handy ;  the  separate  tables  of  sines  and  tangents  to  every  minute  will  make 

it  useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  same." — Athenauni. 

"Every  person  engaged  in  engineering  field  operations  will  estimate  the  importance  of  such  a 

work  and  the  amount  of  valuable  time  which  will  be  saved  by  reference  to  a  set  of  reliable  tables 

prepared  with  the  accuracy  and  fulness  of  those  given  in  this  volume." — Rail-way  News, 

Earthwork,  Measurement  of, 

A   MANUAL  ON  EARTHWORK,     By  Alex.  J.  S.  Graham, 

C.E.    With  numerous  Diagrams.    i8mo,  2s.  6d.  cloth. 

**  A  great  amount  of  practical  information,  very  admirably  arranged,  and  available  for  rough 
estimates,  £is  well  as  for  the  more  exact  calculations  required  in  the  engineer's  and  contractor's 
offices."— ^r^t>a«. 

Strains  in  Iromvork, 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK;  with 
Practical  Remarks  on  Iron  Construction.     By  F.  W.  Sheilds,  M.Inst.C.E. 
Second  Edition,  with  5  Plates.    Royal  8vo,  5s.  cloth. 
"The  student  cannot  find  a  better  little  book  on  this  suhiect."— Engineer. 

Vast  Iron  and  other  Metals,  Strength  of, 

A  PRACTICAL  ESSAY  ON  THE  STRENGTH  OF  CAST 
IRON  AND  OTHER  METALS.  By  Thomas  Tredgold,  C.E.  Fifth 
Edition,  iacluding  Hodgkimson's  Experimental  Researches.    8vo,  izs,  doth. 
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Construction, 

THE  SCIENCE  OF  BUILDING  :  An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A.,  Architect. 
Second  Edition,  Revised,  with  58  Engravings.    Crovsrn  8vo,  7s.  6d.  cloth. 

"  A  very  valuable  book,  which  we  strongly  recommend  to  all  students."— Builder. 

"  No  architectural  student  should  be  without  this  handbook  of  constructional  knowledge."— 
ytrchitect. 

Villa  Architecture, 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE  :  Being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With  Outline 
Specifications  and  Estimates,  By  C.  Wickes,  Architect,  Author  of  "The 
Spires  and  Towers  of  England,"  &c.  61  Plates,  4to,  £1  us.  6d.  half-morocco, 
gilt  edges. 

"  The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic  architect,  and 
they  will  prove  very  valuable  and  suggestive." — Building  Nevis. 

Text-Book  for  ArcJiitects, 

THE  ARCHITECT'S  GUIDE:  Being  a  Text-Booh  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors,  Clerks  of 
Works,  &c.  &c.  By  Frederick  Rogers,  Architect,  Author  of  "  Specifica- 
tions for  Practical  Architecture,"  &c.  Second  Edition,  Revised  and  Enlaurged. 
With  numerous  Illustrations.    Crown  8vo,  6s.  cloth. 

"  As  a  text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c.,  it  would  b« 
bard  to  find  a  handier  or  more  complete  little  volume." — Standard. 

"A  young  architect  could  hardly  have  a  better  guide-book." — Timber  Trades  youmal. 

Taylor  and  Cresy's  Borne, 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By 
the  late  G.  L.  Taylor,  Esq.,  F.R.I. B.A.,  and  Edward  Cresy,  Esq,  New 
Edition,  thoroxighly  Revised  by  the  Rev.  Alexander  Taylor,  M.A,  (son  of 
the  late  G.  L.  Taylor,  Esq.),  Fellow  of  Queen's  College,  Oxford,  and  Chap- 
lain of  Gray's  Inn.  Large  folio,  with  13c  Plates,  half-bound,  £3  3s. 
N.B. — This  is  the  only  book  which  gives  on  a  large  scale,  and  with  the  precision 

of  architectural  measurement,  the  principal  Monuments  of  Ancient  Rome  in  plan. 

elevation,  and  detail. 

"Taylor  and  Cresy 's  work  has  from  its  first  publication  been  ranked  among  those  professional 

books  which  cannot  be  bettered.    .    .    ,    It  would  be  difficult  to  find  examples  of  drawings,  even 

among  those  of  the  most  painstaking  students  of  Gothic,  more  thoroughly  worked  out  than  are  the 

ORe  hundred  and  thirty  plates  in  this  ro\\ime."— Architect. 

Architectural  I>ratving, 

PRACTICAL  RULES  ON  DRA  WING,  for  the  Operative  Builder 
and  Young  Student  in  Architecture.  By  George  Pyne.  With  14  Plates,  4to, 
ys.  6d.  boards. 

Civil  Architecture, 

THE  DECORATIVE  PART  OF  CIVIL  ARCHITECTURE. 
By  Sir  William  Chambers,  F,R.S.  With  Illustrations,  Notes,  and  an 
Examination  of  Grecian  Architecture,  by  Joseph  Gwilt,  F,S.A.  Edited  by 
W.  H.  Leeds.    66  Plates,  4to,  21s.  cloth. 

House  Building  and  Bepairing, 

THE  HOUSE-OWNER'S  ESTIMATOR  ;  or,  What  will  it  Cost 
to  Build,  Alter,  or  Repair?  A  Price  Book  adapted  to  the  Use  of  Unpro- 
fessional People,  as  well  as  for  the  Architectural  Surveyor  and  Builder.  By 
James  D.  Simon,  A.R.I. B. A.  Edited  and  Revised  by  Francis  T.  W.  Miller, 
A,R.I.B.A.  With  numerous  Illustrations.  Fourth  Edition,  Revised,  Crown 
8vo,  3s.  6d.  cloth,  [Just  published. 

"  In  two  years  it  will  repay  its  cost  a  hundred  times  ovet"— Field, 
"  A  very  handy  hook."— En^iish  Mecftanic, 
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Designing,  Measuring,  and  Valuing, 

THE  STUDENTS  GUIDE  to  the  PRACTICE  of  MEASUR- 
ING AND  VALUING  ARTIFICERS'  WORKS.  Containing  Directions  for 
taking  Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into 
Bill,  with  Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calcula- 
tion of  Areas  and  Solidities.  Originally  edited  by  Edward  Dobson,  Architect. 
Revised,  with  considerable  Additions  on  Mensuration  and  Construction,  and 
a  New  Chapter  on  Dilapidations,  Repairs,  and  Contracts,  by  E.  Wyndham 
Tarn,  M.  A.  Sixth  Edition,  including  a  Complete  Form  of  a  Bill  of  Quantities. 
With  8  Plates  and  63  Woodcuts.    Crown  8vo,  7s.  6i:f.  clo  [Just  published. 

"  Well  fulfils  the  promise  of  its  title-page,  and  we  can  thoroughly  recommend  it  to  the  class 
for  whose  use  it  has  been  compiled.  Mr.  Tarn's  additions  and  revisions  have  much  increased  the 
usefulness  of  the  work,  and  have  especially  augmented  its  value  to  students." — Engineering. 

"This  edition  will  be  found  the  most  complete  treatise  on  the  principles  of  measuring  and 
valuing  artificers'  work  that  has  yet  been  published."— i^wi/c^zn^-A^ewj. 

TocTiet  Estimator  and  Technical  Guide, 

THE  POCKET  TECHNICAL  GUIDE,  MEASURER  AND 
ESTIMATOR  FOR  BUILDERS  AND  SURVEYORS.  Containing  Tech- 
nical Directions  for  Measuring  Work  in  all  the  Building  Trades,  with  a. 
Treatise  on  the  Measurement  of  Timber  and  Complete  Specifications  for 
Houses,  Roads,  and  Drains,  and  an  easy  Method  of  Estimating  the  various 
parts  of  a  Building  collectively.  By  A.  C.  Beaton,  Author  of  "  Quantities 
and  Measurements,"  &c.  Fifth  Edition,  carefully  Revised  and  Priced 
'  according  to  the  Present  Value  of  Materials  and  Labour,  with  53  Woodcuts, 
leather,  waistcoat-pocket  size,  is.  6d.  gilt  edges.  [Just  published. 

"  No  builder,  architect,  surveyor,  or  valuer  should  be  without  his  '  Bea.ton."  —BuiMing  News. 
"Contains    an    extraordinary   amount  of  information  in  daily  requisition  in  measuring  and 
estimating.    Its  presence  in  the  pocket  will  save  valuable  time  and  trouble." — Building  World. 

Donaldson  on  Specifications, 

THE  HANDBOOK  OF  SPECIFICATIONS ;  or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing  up 
Specifications  and  Contracts  for  Works  and  Constructions.  Illustrated  by 
Precedents  of  Buildings  actually  executed  by  eminent  Architects  and  En- 
gineers. By  Professor  T.  L.  Donaldson,  P.R.I.B.A.,  &c.  New  Edition,  in 
One  large  Vol.,  8vo,  with  upwards  of  1,000  pages  of  Text,  and  33  Plates, 
£1  IIS.  6d.  cloth 

"  In  this  work  forty-four  specifications  of  executed  works  are  given,  Including  the  specifica- 
tions for  parts  of  the  new  Houses  of  Parliament,  by  Sir  Charles  Barry,  and  for  the  new  RoyaJ 
Exchange,  by  Mr.  Tite,  M.P.  The  latter,  in  particular,  is  a  very  complete  and  remarkable 
document.  It  embodies,  to  a  great  extent,  as  Mr.  Donaldson  mentions,  'the  bill  of  quantities 
with  the  description  of  the  works.'  .  .  .  It  is  valuable  as  a  record,  and  more  valuable  still  as  a 
book  of  precedents.  .  .  .  Suffice  it  to  say  that  Donaldson's  '  Handbook  of  Specifications ' 
must  be  bought  by  all  atchitects."— Builder. 

Bartholomeiv  and  Rogers'  Specifications, 

SPECIFICATIONS   FOR  PRACTICAL    ARCHITECTURE. 

A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.    With  an  Essay 

on  the  Structure  and  Science  of  Modern  Buildings.     Upon  the  Basis  of  the 

Work  by  Alfred  Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly 

added  to  by  Frederick  Rogers,  Architect.    Second  Edition,  Revised,  with 

Additions.    With  numerous  Illustrations,  medium  8vo,  15s.  cloth. 

"  The  collection  of  specifications  prepared  by  Mr.  Rogers  on  the  basis  of  Bartholomew's  work 

Is  too  well  known  to  need  any  recommendation  from  us.    It  is  one  of  the  books  with  which  every 

young  architect  must  be  equipped  ;  for  time  has  shown  that  the  specifications  cannot  be  set  aside 

through  any  defect  in  them." — Architect. 

"  Good  forms  for  specifications  are  of  considerable  value,  and  it  was  an  excellent  idea  to  com- 
pile a  work  on  the  subject  upon  the  basis  of  the  late  Alfred  Bartholomew's  valuable  work.  The 
second  edition  of  Mr.  Rogers's  book  is  evidence  of  the  want  of  a  book  dealing  with  modem  re- 
quirements and  mAteriah."— Building  News. 

Building  ;  Civil  and  Ecclesiastical, 

A  BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including 
Church  Restoration  ;  with  the  Theory  of  Domes  and  the  Great  Pyramid,  &c. 
By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  F.R.A.S.,  Author  of  "Clocks  and 
Watches,  and  Bells,"  &c.  Second  Edition,  Enlarged.  Fcap.  8vo,  55.  cloth. 
"  A  book  which  is  always  amusing  and  nearly  always  instructive.  The  style  throughout  is  in 
the  highest  degree  condensed  and  epigrammatic."— 7Vw?j. 
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Geometry  for  the  Architect,  Engineer,  etc. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer  and 
Mzchanic.  Giving  Rules  for  the  Delineation  and  Application  of  various 
•Geometrical  Lines,  Figures  and  Curves.  By  E.  W.  Tarn,  M.A.,  Architect, 
Author  of  "The  Science  of  Building,"  &c.  Second  Edition.  With  Appen- 
dices on  Diagrams  of  Strains  and  Isometrical  Projection.  With  172  Illus- 
trations, demy  8vo,  9s.  cloth, 

"  No  book  with  the  same  objects  in  view  has  ever  been  published  in  which  the  clearness  of  the 
rules  laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory."— 5c<?/;rwa«. 


'  This  is  a  manual  for  the  practical  man,  whether  architect,  engineer,  or  mechanic.  .  .  .  The 
oDject  of  the  author  being  to  avoid  all  abstruse  formulae  or  conmlicated  methods,  and  to  enable 
persons  with  but  a  moderate  knowledge  of  geometry  to  work  out  tne  problems  required."— £"m^/w A 


The  Science  of  Geometry. 

THE   GEOMETRY  OF   COMPASSES;  or,  Problems  Resolved 
by  the  mere  Description  of  Circles,  and  the  use  of  Coloured  Diagrams  and 
Symbols.    By  Oliver  Byrne.    Coloured  Plates.    Crown  8vo,  3s.  6d.  cloth. 
"  The  treatise  is  a  good  one,  and  remarkable— like  all  Mr.  Byrne's  contributions  to  the  science 
of  geometry— for  the  lucid  character  of  its  teaching."— Huiidin^^  News. 
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Woods  and  Marhles  (Imitation  of), 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF  WOODS 
AND  MARBLES,  as  Taught  and  Practised  by  A.  R.  Van  der  Burg  and  P. 
Van  der  Burg,  Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio, 
i8i  by  12^  in..  Illustrated  with  24  full-size  Coloured  Plates;  also  12  plain 
Plates,  comprising  154  Figures.  Second  and  Cheaper  Edition.  Price  £1  lis.  6d. 

List  of  Plates. 
^.  Various  Tools  required  for  Wood  Painting 
— a,  3.  Wahiut :  Preliminary  Stages  of  Graining 
and  Finished  Specimen  —  4.  Tools  used  for 
TMarble  Painting  and  Method  of  Manipulation— 
5,  6.  St.  Remi  Marble:  Ecirlier  Operations  and 
Unished  Specimen— 7.  Methods  of  Sketching 
ditferent  Grains,  Knots,  Ac- 8,  g.  Ash:  Pre- 
liminary Stages  and  Finished  Specimen  — 10. 
Methods  of  Sketching  Marble  Grains— ii,  la. 
Breche  Marble:  Preliminary  Stages  of  Working 
and  Finished  Specimen— 13.  Maple:  Methods 
of  Producing  the  different  Grains — 14, 15.  Bird's- 
eye  Maple:  Preliminary  Stages  and  Finished 
Specimen— 16.  Methods  of  Sketching  the  dif- 
ferent  Species  of  White  Marble— 17,  18.  White 
Marble:   Preliminary  Stages  of  Process  and 

%•  Opinions  of  the  Press. 

"  Those  who  desire  to  attain  skill  in  the  art  of  painting  woods  and  marbles  will  find  advantage 
In  consulting  this  book.  .  .  .  Some  of  the  Working  Men's  Clubs  should  give  their  young  men 
the  opportunity  to  study  it."— Jiuiliitr. 

"  A  comprehensive  guide  to  the  art.  The  explanations  of  the  processes,  the  manipulation  and 
management  of  the  colours,  and  the  beautifully  executed  plates  will  not  be  the  least  valuable  to  the 
student  who  aims  at  making  his  work  a  faithful  transcript  of  nSilure."—Buildinir  News. 

"  Students  and  novices  are  fortunate  who  are  able  to  become  the  possessors  of  so  noble  a 
luork.'—A  rch  itect. 

Souse  Decoration. 

ELEMENTARY    DECORATION.     A  Guide  to   the  Simpler 
Forms  of  Everyday  Art,  as  applied  to  the  Interior  and  Exterior  Decoration  of 
Dwelling  Houses,  &c.    By  James  W.  Facey,  Jun.    With  68  Cuts.    i2mo,  2S. 
cloth  limp. 
'•  As  a  technical  gidde-book  to  the  decorative  painter  it  will  be  found  te'&a.tA&."—BuildiHg^News. 

PRACTICAL  HOUSE  DECORATION  :  A  Guide  to  the  Art  of 
Ornamental  Painting,  the  Arrangement  of  Colours  in  Apartments,  and  the 
principles  of  Decorative  Design.  With  some  Remarks  upon  the  Nature  and 
Properties  of  Pigments.  By  James  William  Facey,  Author  of  "  Elementary 
Decoration,"  &c.  With  numerous  Illustrations.  i2mo,  25.  6d.  cloth  limp. 
N.B.—The  above  Two  Works  togetktr  in  One  Vol.,  strongly  half-bound,  55, 


Finished  Specimen — 10.  Mahogany :  Specimens 
of  various  Grains  and  Methods  of  Manipulation 
— 20,  ai.  Mahogany:  Earlier  Stages  and  Finished 
Specimen — 22,23,24.  Sienna  Marble :  Varieties 
of  Grain,  Preliminary  Stages  and  Finished 
Specimen— 25,  26,  27.  Juniper  Wood  :  Methods 
of  producing  Grain,  &c. :  Preliminary  Stages 
and  Finished  Specimen — 28,  29,  30.  Vert  de 
Mer  Marble :  Varieties  of  Grain  and  Methods 
of  Working  Unfinished  and  Finished  Speci- 
mens— 31.  32.  33.  Oak:  Varieties  of  Grain,  Tools 
Employed,  and  Methods  of  Manipulation,  Pre- 
liminary Stages  and  Finished  Specimen — 34,  «, 
36.  Waulsort  Marble:  Varieties  of  Grain,  Un- 
finished and  Finished  Specimens. 
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Colour. 

A    GRAMMAR    OF   COLOURING.      Applied  to  Decorative 

Painting  and  the  Arts.     By  George  Field.    New  Edition,  Revised,  Enlarged, 
and  adapted  to  the  use  of  the  Ornamental  Painter  and  Designer.    By  Ellis 
A.  Davidson.  With  New  Coloured  Diagrams  and  Engravings.    i2mo,  3s.  6d, 
cloth  boards. 
"The  book  is  a  most  useful  resume  of  the  properties  of  pigmtrAs."— Builder. 

House  Painting,  Graining,  etc. 

HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING,  A  Practical  Manual  of.    By  Ellis  A.  Davidson.    Fifth  Edition. 

With  Coloured  Plates  and  Wood  Engravings.    i2mo,  6s.  cloth  boards. 

"  A  mass  of  information,  of  use  to  the  amateur  and  of  value  to  the  practical  man."— English 
Mechanic. 

"  Simply  invaluable  to  the  young^ster  entering-  upon  this  particular  calling,  and  highly  service- 
able to  the  man  who  is  practising  it." — Fur)iitnre  Gazette. 

Decorators,  Receipts  for, 

THE  DECORATOR'S  ASSISTANT:  A  Modern  Guide  to  De- 
corative Artists  and  Amateurs,  Painters,  Writers,  Gilders,  &c.  Containing 
upwards  of  600  Receipts,  Rales  and  Instructions  ;  with  a  variety  of  Informa- 
tion for  General  Work  connected  with  every  Class  of  Interior  and  Exterior 
Decorations,  &c.  Third  Edition,  Revised.  152  pp.,  crown  8vo,  is.  in  wrapper. 
"  Full  of  receipts  of  value  to  decorators,  painters,  gilders,  &c.  _  The  book  contains  the  gist  of 

larger  treatises  on  colour  and  technical  processes.     It  would  be  difficult  to  meet  with  a  work  so  full 

of  varied  information  on  the  painter's  a.rt." —Builditt^  Ne-ws. 

"  We  recommend  the  work  to  all  who,  whether  for  pleasure  or  profit,  require  a  guide  to  decora- 

tion." — Plumber  and  Decorator. 

Moyr  Stnith  on  Interior  Decoration, 

ORNAMENTAL   INTERIORS,  ANCIENT  AND  MODERN. 

By  J.  MoYR  Smith.     Super-royal  8vo,  with  32  full-page  Plates  and  numerous 

smaller  Illustrations,  handsomely  bound  in  cloth,  gilt  top,  price  i8s. 

^^  J»  "Ornamental  Interiors"  the  designs  of  more  than  thirty  artist- 
decorators  and  architects  of  high  standing  have  been  illustrated.  The  book  may 
therefore  fairly  claim  to  give  a  good  general  view  of  the  works  of  the  modern  school 
of  decoration,  besides  giving  characteristic  examples  of  earlier  decorative  arrange- 
ments. 

"Ornamental  Interiors"  gives  a  short  account  of  the  styles  of  Interior 
Decoration  as  practised  by  the  Ancients  in  Egypt,  Greece,  Assyria,  Rome  and  Byzan- 
tium.   This  part  is  illustrated  by  characteristic  designs. 
*^*  Opinions  of  the  Press. 

"  The  book  is  well  illustrated  and  handsomely  got  up,  and  contains  some  true  criticism  and  a. 
good  many  good  examples  of  decorative  treatment."— 77z^  Builder. 

"  Well  fitted  for  the  dilettante,  amateur,  and  professional  Aesigner."~£>ecoratton. 

"  This  is  the  most  elaborate,  and  beautiful  work  on  the  artistic  decoration  of  interiors  that  we- 
bave  seen.  .  .  .  The  scrolls,  panels  and  other  designs  from  the  author's  own  pen  are  very 
beautiful  and  chaste  ;  but  he  takes  care  that  the  designs  of  other  men  shall  figure  even  more  than 
his  own." — Liverpool  Albiojt. 

"  To  all  who  take  an  interest  in  elaborate  domestic  ornament  this  handsome  volume  will  bo 
welcome." — Graphic. 

"  Mr.  Moyr  Smith  deserves  the  thanks  of  art  workers  for  having  placed  within  their  reach  » 
book  that  seems  eminently  adapted  to  afford,  by  example  and  precept,  that  guidance  of  which 
roost  craftsmen  stand  in  need."— Furniture  Gazette. 

British  and  Foreign  Marbles. 

MARBLE  DECORATION   and  the  Terminology  of  British  and 

Foreign  Marbles.    A  Handbook  for  Students.     By  George  H.  Blagrove. 

Author  of  "  Shoring  and  its  Application,"  &c.   With  28  Illustrations.   Crown 

8vo,  3s.  f)d.  cloth. 

"  This  most  useful  and  much  wanted  handbook  should  be  in  the  hands  of  every  architect  and 
h\v\dtr."— Building  JForld. 

• '  It  is  an  excellent  manual  for  students,  and  interesting  to  artistic  readers  generally."— 5«/Mr</a> 
Review. 

"  A  carefully  and  usefully  written     eatise  ;  the  work  is  essentially  pTactica.l."—Seo/sman. 

3Iarble  Working,  etc. 

MARBLE  AND  MARBLE  WORKERS:  A  Handbook  for 
Architects,  Artists,  Masons  and  Students.  By  Arthur  Lee,  Author  of  "  A 
Visit  to  Carrara,"  "  The  Working  of  Marble,"  &c.  Small  crown  8vo,  2S.  cloth. 
"  A  really  valuable  addition  to  the  technical  litefature  of  architects  and  mzison%."— Building 
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DELAMOTTE'S  WORKS  ON  ILLUMINATION  AND  ALPHABETS. 


A  PRIMER  OF  THE  ART  OF  ILLUMINATION,  for  the  Use  of 

Beginners  :  with  a  Rudimentary  Treatise  on  the  Art,  Practical  Directions  for 
its  exercise,  and  Examples  taken  from  Illuminated  MSS.,  printed  in  Gold  and 
Colours.  By  F.  Delamotte.  New  and  Cheaper  Edition.  Small  4to,  6s.  orna- 
mental boards, 
"The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  good  sense, 

the  author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  knowledge, 

as  well  as  taste." — Ai/ie>ueum. 

ORNAMENTAL  ALPHABETS,  Ancient  and  Mediaval,  from  the 
Eighth  Century,  with  Numerals;  including  Gothic,  Church-Text,  large  and 
small,  German,  Italian,  Arabesque,  Initials  for  Illumination,  Monograms, 
Crosses,  &c.  &c.,  for  the  use  of  Architectural  and  Engineering  Draughtsmen, 
Missal  Painters,  Masons,  Decorative  Painters,  Lithographers,  Engravers, 
Carvers,  &c.  &c.  Collected  and  Engraved  by  F.  Delamotte,  and  prmted  in 
Colours.  New  and  Cheaper  Edition.  Royal  8vo,  oblong,  as.  6d.  ornamental 
boards. 

"For  those  who  Insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop  legends  over 
shop-doors,  who  letter  church  walls  with  pitliy  sentences  from  the  Decalogue,  this  book  will  be  use- 
ful. —Athenaum, 

EXAMPLES  OF  MODERN  ALPHABETS,  Plain  and  Ornamental: 
including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen,  Sur- 
veyors, Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers,  &c. 
Collected  and  Engraved  by  F.  Delamotte,  and  printed  in  Colours.  New 
and  Cheaper  Edition.  Royal  8vo,  oblong,  2s.  6d.  ornamental  boards. 
"There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet  and 

numerals  can  be  fonneci,  ami  t'lio  talent  which  has  been  expended  in  the  conception  of  the  various 

plain  and  ornjuueutal  letters  is  vion(ieii\xL"—Sta>idard. 

MEDimVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS.     By   G.   Delamotte.     Containing   21   Plates  and  Illuminated 
Title,  printed  in  Gold  and  Colours.    With  an  Introduction  by  T.  Willis 
Brooks.    Fourth  and  Cheaper  Edition.    Small  4to,  4s.  ornamental  boards. 
"  A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and  all  the  coloius 

of  the  prism  interwoven  and  intertwined  ana  intermingled." — Sun. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN.  Containing 
Initials,  Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical 
Devices,  Mediaeval  and  Modern  Alphabets,  and  National  Emblems.  Col- 
lected by  F.  Delamotte,  and  printed  in  Colours.  Oblong  royal  8vo,  is.  6d. 
ornamental  wrapper. 
"  The  book  will  be  of  great  sissistance  to  ladies  and  young  children  who  are  endowed  with  the 

art  of  plying  the  needle  in  this  most  orncunental  and  useful  pretty  work."— £as(  Anglia7t  Times. 


Wood  Carving, 

INSTRUCTIONS  IN  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.  By  A  Lady.  With  Ten  large  Plates,  2S.  dd.  in  emblematic 
wrapper. 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  Impart  It,  may  be  learnt  from  '  A 
Lady's '  pubUcation."— ^//%?«<?«w. 

"  The  directions  given  are  plain  and  easily  understood."— £«^/ifA  Mechanic. 

Glass  Fainting, 

GLASS  STAINING  AND  THE  ART  OF  PAINTING  ON 
GLASS.  From  the  German  of  Dr.  Gessert  and  Emanuel  Otto  Fromberg. 
With  an  Appendix  on  The  Art  of  Enamelling.    i2mo,  2S.  6d.  cloth  limp. 

Letter  Fainting, 

THE  ART  OF  LETTER  PAINTING  MADE  EASY.  By 
James  Greig  Badenoch.  With  12  full-page  Engravings  of  Examples,  is.  6d. 
cloth  limp. 

"  The  system  is  a  simple  one,  but  quite  original,  and  well  worth  the  careful  attcntien  of  letter 
painters.    It  can  l>e  easily  mastered  and  remembered,"— ^M»A^t»^  News, 
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CARPENTRY,  TIMBER,   etc. 

Tredgold's  Carpent^^j,  Enlarged  hy  Tarn, 

THE    ELEMENTARY    PRINCIPLES    OF    CARPENTRY. 

A  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resist- 
ance of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs, 
Uniting  Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Essay 
on  the  Nature  and  Properties  of  Timber,  &c.,  with  Descriptions  of  the  kinds 
of  Wood  used  in  Building ;  also  numerous  Tables  of  the  Scantlings  of  Tim- 
ber for  different  purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas 
Tredgold,  C.E.  With  an  Appendix  of  Specimens  of  Various  Roofs  of  Iron 
and  Stone,  Illustrated.  Seventh  Edition,  thoroughly  revised  and  considerably 
enlarged  by  E.  Wyndham  Tarn,  M.A.,  Author  of  "The  Science  of  Build- 
ing," &c.  With  61  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.  In 
one  large  vol.,  4to,  price  £1  5s.  cloth. 

"Ought  to  be  in  every  architect's  and  every  builder's  Vibt&ty."— Builder. 
"  A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  carpentry  Is  con- 
cerned.   The  author's  principles  are  rather  confirmed  than  impaired  by  time.    The  additional 
plates  are  of  great  intrinsic  \alue."— Building-  News. 

Woodworking  Machinert/. 

WOODWORKING  MACHINERY :  Its  Rise,  Progress,  and  Con- 
struction. With  Hints  on  the  Management  of  Saw  Mills  and  the  Economical 
Conversion  of  Timber.  Illustrated  with  Examples  ot  Recent  Designs  by 
,  leading  English,  French,  and  American  Engineers.  By  M.  Powis  Bale, 
A.M.Inst.C.E.,M.I.M.E.  Large  crown  8vo,  12s.  6d.  cloth. 
"Mr.  Bale  is  evidently  an  expert  on  the  subject  and  he  has  collected  so  much  information  that 

his  book  is  all-sufficient  for  builders  and  others  engaged  in  the  conversion  of  timheT."—Arckzfea. 
"The  most  comprehensive  compendium  of   wood-working  machinery  we  have  seen.    The 

author  is  a  thorough  master  of  his  subject."— ButMm£' Nerus. 

"The  appearance  of  this  book  at  the  present  time  will,  we  should  think,  give  a  considerable 

Impetus  to  the  onward  march  of  the  machinist  engaged  in  the  designing  and  manufacture  of 

wood-working  machines.    It  should  be  in  the  office  of  every  wood-working  ta^ctory."— English 

Mechanic. 

Saw  Mills, 

SA  W  MILLS  :  Their  Arrangement  and  Management,  and  the 
Economical  Conversion  of  Timber.  (A  Companion  Volume  to  "  Woodworking 
Machinery.")  By  M.  Powis  Bale.  With  numerous  Illustrations.  Crown 
8vo,  IDS.  6d.  cloth. 

"  The  adnti7iistration  of  a  large  sawing  establishment  is  discusserl  and  the  subiect  examined 
from  a  financial  standpoint.  Hence  the  size,  shape,  order,  and  disposition  ot  saw  mills  and  the 
like  are  g'one  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its 
delivery  m  its  converted  state.  We  could  not  desire  a  more  complete  or  practical  treatise."— 
Builder. 

"We  highly  recommend  Mr.  Bale's  work  to  the  attention  and  perusal  of  all  those  who  are  en- 
gaged in  the  art  of  wood  conversion,  or  who  are  about  building  or  remodelling  saw-mills  on  im- 
proved principles."— ^wiVrftM^  News, 

Carpentering, 

THE  CARPENTER'S  NEW  GUIDE ;  or,  Book  of  Lines  for  Car- 
penters ;  comprising  all  the  Elementary  Principles  essential  for  acquiring  a 
knowledge  of  Carpentry.  Founded  on  the  late  Peter  Nicholson's  Standard 
Work.  A  New  Edition,  Revised  by  Arthur  Ashpitel,  F.S.A.  Together 
with  Practical  Rules  on  Drawing,  by  George  Pynb.  With  74  Plates, 
4to,  £1  IS.  cloth. 

Mandrailing, 

A  PRACTICAL  TREATISE  ON  HANDRAILING  :  Showing 
New  and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,  Drawing  the 
Moulds,  Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  By  George 
CoLLiNGS.    Illustrated  with  Plates  and  Diagrams.    i2mo,  is.  6d.  cloth  limp. 

"Will  be  found  of  practical  utility  in  the  execution  of  this  difficult  branch  of  joinery."— Builder. 
"  Almobt  every  difficult  phase  of^tbis  somewhat  intricate  branch  of  joinery  is  elucidated  by  the 
aid  of  plates  and  explanatory  leiterpiesa."— Furniture  Gazette. 

Circular  JForJc, 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY:  A 
Practical  Treatise  on  Circular  Work  of  Single  and  Doub;e  Curvature.  By 
George  Collings,  Author  of  "  A  Practical  Treatise  on  Handrailing."  Illus- 
trated with  numerous  Diagrams.     i2mo,  2S.  6d.  cloth  limp. 

"  An  excellent  example  of  what  a  book  of  this  kind  should  be.  Cheap  in  price,  clear  in  defini- 
tion and  practical  in  the  examples  stiected."-— Builder. 
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Timber  Merchant's  Coitipanion, 

THE  TIMBER  MERCHANT'S  AND  BUILDER'S  COM- 
PANION. Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and 
Measurement  of  Deals  and  Battens,  of  all  sizes,  from  One  to  a  Thousand 
Pieces,  and  the  relative  Price  that  each  size  bears  per  Lineal  Foot  to  any 
given  Price  per  Petersburg  Standard  Hundred  ;  the  Price  per  Cube  Foot  of 
Square  Timber  to  any  given  Price  per  Load  of  50  Feet;  the  proportionate 
Value  ol  Deals  and  Battens  by  the  Standard,  to  Square  Timber  by  the  Load 
of  50  Feet ;  the  readiest  mode  of  ascertaining  the  Price  of  Scantling  per 
Lineal  Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot,  &c,  &c.  By 
William  Dowsing.  Fourth  Edition,  Revised  and  Corrected.  Cr.  8vo,  3s.  ci, 
••  Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.     There  can  be  no  doubt  that 

every  timber  merchant  and  builder  ought  to  possess  it." — //;<//  Advertiser. 

"  We  are  glad  to  see  a  fourtn  edition  of  these  admirable  tables,  which  for  correctness  and 

simplicity  of  arrangement  leave  nothing  to  be  desired." — Tunber  Trades  JoKrual. 

"An  exceedingly  well-arranged,  clear,  and  concise  manual  of  tables  for  the  use  of  all  who  buy 

or  sell  timber." — Journal  0/  Forestry, 

Practical  Timber  Merchant, 

THE  PRACTICAL  TIMBER  MERCHANT.  Being  a  Guide 
for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c.,  comprising 
useful  Tables  for  all  purposes  connected  with  the  Timber  Trade,  Marks  of 
Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of  Timber, 
&c.    By  W.  Richardson,    Fcap.  8vo,  3s.  6d.  cloth. 

"  Contains  much  valuable  information  for  the  use  of  timber  merchants,  builders,  foresters,  and 
all  others  connected  with  the  growth,  sale,  and  manufacture  of  timhcr.'  —yountal  of  Forestry, 

Timber  Freight  Booic, 

THE  TIMBER  MERCHANTS,  SAW  MILLER'S,  AND 
IMPORTER'S  FREIGHT  BOOK  AND  ASSISTANT.  Comprising  Rules, 
Tables,  and  Memoranda  relating  to  the  Timber  Trade.  By  William 
Richardson,  Timber  Broker;  together  with  a  Chapter  on  "Speeds  of  Saw 
Mill  Machinery,"  by  M.  Powis  Bale,  M.LM.E.,  &c.  i2mo,  3s.  6d.  cl.  boards, 
"A  very  useful  manual  of  rules,  tables,  and  memoranda  relating  to  the  timber  trade.  We  re- 
commend it  as  a  compendium  of  calculation  to  all  timber  measurers  and  merchants,  and  as  supply- 
ing a  real  want  in  the  Ua.Ae."—Btiildin^  Neivs, 

JFacking-Case  Makers,  Tables  for, 

PACKING-CASE  TABLES ;  showing  the  number  of  Super- 
ficial  Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards. 
By  W.  Richardson,  Timber  Broker.  Second  Edition.    Cblong  4to,  3s.  6d.  cl. 

"  Invaluable  labour-saving  tables." — Ironmonger. 
"Will  save  much  labour  atd  calculation." — Grocer, 

Superficial  Measxirement, 

THE    TRADESMAN'S   GUIDE   TO  SUPERFICIAL  MEA- 
SUREMENT,   Tables  calculated  from  i  to  200  inches  in  length,  by  i  to  108 
inches  in  breadth.    For  the  use  of  Architects,  Surveyors,  Engineers,  Timber 
Merchants,  Builders,  &c     By  James  Hawkings.     Third  Edition.    Fcap., 
3s.  6d.  cloth. 
"  A  useful  collection  of  tables  to  facilitate  rapid  calculation  of  surfaces.  The  exact  area  of  any 
urface  of  which  the  Umits  have  been  ascertained  can  be  instantly  detennined.    The  book  will  b« 
found  of  the  greatest  utility  to  all  engaged  in  building  ooerations."— .Vra^jwaw. 

"  These  tables  will  be  found  of  great  assistance  to  all  who  require  to  make  calculations  in  super- 
ficial measurement." — English  Mechanic. 

Forestry. 

THE  ELEMENTS  OF  FORESTRY.  Designed  to  aflford  In- 
formation  concerning  the  Planting  and  Care  of  Forest  Trees  for  Ornament  or 
Profit,  with  Suggestions  upon  the  Creation  and  Care  of  Woodlands.  By  F.  B, 
Hough.    Large  crown  8vo,  los.  cloth. 

Timber  Importer's  Guide, 

THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S  AND 
BUILDER'S  STANDARD  GUIDE.  By  Richard  E.  Grandv.  Compris- 
ing an  Analysis  of  Deal  Standards,  Home  and  Foreign  with  Comparative 
Values  and  Tabular  Arrangements  for  fixing  Nett  Landed  Cost  on  Baltic 
and  North  American  Deals,  including  all  intermediate  Expenses,  Freight, 
Insurance,  &c.  &c.  Together  wi^h  copious  Information  for  the  Retailer  and 
Builder.  Third  Edition,  Revised.  i2mo,  as.  cloth  limp. 
"  Everything  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail,  and 

throws  in.  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns,  cisterns,  &c." — English 

Mechanic. 
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MARINE  ENGINEERING,  NAVIGATION,  etc. 

Chain  Cables.  

CHAIN  CABLES  AND  CHAINS.  Comprising  Sizes  and 
Curves  of  Links,  Studs,  &c.,  Iron  for  Cables  and  Chains,  Chain  Cable  and 
Chain  Making,  Forming  and  Welding  Links,  Strength  of  Cables  and  Chains, 
Certificates  for  Cables,  Marking  Cables,  Prices  of  Chain  Cables  and  Chains, 
Historical  Notes,  Acts  of  Parliament,  Statutory  Tests,  Charges  for  Testing, 
List  of  Manufacturers  of  Cables,  &c.  &c.  By  Thomas  W.Traill,  F.E.R.N,, 
M.  Inst.  C.E.,  Engineer  Surveyor  in  Chief,  Board  of  Trade,  Inspector  of 
Chain  Cable  and  Anchor  Proving  Establishments,  and  General  Superin- 
tendent, Lloyd's  Committee  on  Proving  Establishments.  With  numerous 
Tables,  Illustrations  and  Lithographic  Drawings.  Folio,  £2  2s.  cloth. 
"  It  contains  a  vast  amount  of  valu^  ole  information.  Nothing  seems  to  be  wanting  to  make  it 
a  complete  and  standard  work  of  reference  on  the  subject."— IVauiicai  Ma^^azine. 

Marine  Engineering, 

MARINE  ENGINES  AND  STEAM  VESSELS  (A  Treatise 
on).     By  Robert  Murray,  CE.    Eighth  Edition,  thoroughly  Revised,  with 

considerable  Additions  by  the  Author  and  by  Geo.-^ge  Carlisle,  C.E., 
Senior  Surveyor  to  the  Board  of  Trade  at  Liverpool.    i2mo,  5s.  cloth  boards. 

"  Well  adapted  to  give  th»"  young  steamship  engineer  or  marme  engine  and  boiler  maker  a 
^^etieral  introduction  into  his  practical  work." — Mechanicil  U'nrld. 

"  We  feel  sure  that  this  thoroughly  revised  edition  will  continue  to  be  as  popular  in  the  future 
as  it  has  besn  in  the  past,  as  for  its  size,  it  contains  more  useful  informatioa  than  any  similir 
treatise. ' '  —JndiistrUs. 

"  The  information  given  is  both  sound  and  sensible,  and  well  qualified  to  direct  young  sea- 
going hands  on  the  straight  road  to  the  extra  chief's  cenificzte."—G/as^07o  Herald. 

"An  indispensable  manual  for  the  student  of  marins  engineering." — Livtrpool  Mercury. 

P'OcTcet-BooTi  for  Naval  Architects  and  Shipbuilders. 

THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S 
POCKET-BOOKofForinulce,Rules,andTabhs,and MARINE  ENGINEER'S 
AND  SURVEYOR'S  Handy  Book  of  Reference.  By  Clement  Mackrow, 
Member  of  the  Institution  of  Naval  Architects,  Naval  Draughtsman.  Third 
Edition,  Revised.  With  numerous  Diagrams,  &c.  Fcap.,  12.'!.  6d.  leather. 
"Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels.    .    .    .    Will 

be  found  to  contain  the  most  useful  tables  and  formulre  required  by  shipbuilders,  carefully  collected 

from  the  best  authorities,  and  put  together  in  a  popular  and  simple  form." — Engineer. 

"  The  professional  shipbuilder  has  now,  in  a  convenient  and  accessible  form,  reliable  data  for 

solving  many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work." — Iron. 
"There  is  scaroelv  a  subject  on  which  a  naval  architect  or  shipbuilder  can  require  to  refresh 

iiis  memory  which  wil  laot  be  found  within  the  covers  of  Mr.  Mackrow's  hook,"— £n^iish  Mechanic. 

JPochet-^Boolc  for  Marine  Engineers. 

A  POCKET-BOOK  OF  USEFUL  TABLES  AND  FOR- 
MULM  FOR  MARINE  ENGINEERS.  By  Frank  Proctor,  A.I.N.A. 
Third  Edition.     Royal  32mo,  leather,  gilt  edges,  with  strap,  4s. 

•'  We  recommend  it  to  our  readers  as  going  far  to  supply  a  long-felt  v.a.nt."—A^aval Science. 

"A  most  useful  companion  to  all  marine  caginecrs."— United  Service  Gazette, 

Introduction  to  31arine  Engineering. 

ELEMENTARY  ENGINEERING  :  A  Manual  for  Young  Marine 
Engineers  and  Apprentices.  In  the  Form  of  Questions  and  Answers  on 
Metals,  Alloys,  Strength  of  Materials,  Construction  and  Management  of 
Marine  Engines,  &c.  &c.  With  an  Appendix  of  Useful  Tables.  By  J.  S. 
Brewer,  Government  Marine  Surveyor,  Hongkong.  Small  crown  8vo, 
2S.  6d.  cloth,  [Just  published. 

"  Contains  much  valuable  information  for  the  class  for  whom  it  is  intended,  especially  ia  the 
chapters  on  the  management  of  boilers  and  eng'nes." — Nautical  \faq^azi>te. 

'■  A  useful  introduction  to  the  more  elaborate  text  books  "—Sro/sman. 

"  To  a  student  who  has  the  requisite  desire  and  resolve  to  attain  a  thorough  knowledge.  Mr. 
Erewer  offers  decidedly  useful  help.'' — Alhenceian, 

Navigation, 

PRACTICAL  NAVIGATION.  Consisting  of  The  Sailor's 
Sea-Book,  by  James  Greenwood  and  W.  H.  Rosser  ;  together  with  the 
requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the  Problems. 
By  Henry  Law.  C.E.,  and  Professor  J.  R.  Voung.  Illustrated,  ismo,  75, 
strongly  half-bound. 
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MINING  AND  MINING  INDUSTRIES. 

Metalliferous  Mining, 

BRITISH  MINING :  A  Treatise  on  the  History,  Discovery,  Practical 
Development,  and  Future  Prospects  of  Metalliferous  Mines  in  the  United  King- 
dom. By  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records ;  Editor  of 
"  Ure's  Dictionary  of  Arts,  Manufactures,  and  Mines,"  &c.  Upwards  of  950 
pp.,  with  230  Illustrations.  Second  Edition,  Revised.  Super-royal  8vo, 
£2  2S.  cloth. 

"  One  of  the  most  valuable  works  of  reference  of  modern  times.  Mr.  Hunt,  as  keeper  of  mining 
records  of  the  United  Kingdom,  has  had  opportunities  for  such  a  task  not  enjoyed  by  anyone  else, 
and  has  evidently  made  the  most  of  them.  .  .  .  The  language  and  style  adopted  are  good,  and 
the  treatment  of^the  various  subjects  laborious,  conscientious,  and  scientific."— £«jfi>««rt«^. 

"The  book  is,  in  fact,  a  treasure-house  of  statistical  information  on  mining  subjects,  and  we 
know  of  no  other  work  embodying  so  great  a  mass  of  matter  of  this  kind.  Were  this  the  only 
merit  of  Mr.  Hunt  s  volume,  it  would  be  sufficient  to  render  it  indispensable  in  the  library  of 
everyone  interested  in  the  development  of  the  mining  and  metallurgical  mdustriesof  the  country." 
— Athenaum. 

"  A  mass  of  information  not  elsewhere  available,  and  of  the  greatest  value  to  those  who  may 
be  interested  in  our  great  mineral  indust«es." — Enj^neer, 

"A  sound,  business-like  collection  of  interesting  facts,  .  .  .  The  amount  of  Information 
Mr.  Hunt  has  brought  together  is  enormous.  .  .  .  The  volume  appears  likely  to  convey  more 
instruction  upon  the  subject  than  any  work  hitherto  published."— jT/j«««^  Journal. 

"  The  work  will  be  for  the  mining  industry  what  Dr.  Percy's  celebrated  treatise  has  been  for  the 
metallurgical— a  book  that  cannot  with  advantage  be  omitted  from  the  library."— /r(7«  aitd  Coal 
Trades  Review. 

"  The  volume  is  massive  and  exhaustive,  and  the  high  intellectual  powers  and  patient,  persist- 
ent application  which  characterise  the  author  have  evidently  been  brought  into  play  in  Its  produc- 
tion.   Its  contents  are  invaluable."— O/ZiVO'  Gteardian. 

Coal  and  Iron, 

THE  COAL  AND  IRON  INDUSTRIES  OF  THE  UNITED 
KINGDOM,  Comprising  a  Description  of  the  Coal  Fields,  with  Returns  ol 
their  Produce  and  its  Distribution,  and  Analyses  of  Special  Varieties.  Also 
an  Account  of  the  occurrence  of  Iron  Ores  in  Veins  or  Seams;  Analyses  ol 
each  Variety ;  and  a  History  of  the  Rise  and  Progress  of  Pig  Iron  Manufacture 
since  the  year  1740.  By  Richard  Meade,  Assistant  Keeper  ot  Mining  Records. 
With  Maps  of  the  Coal  Fields  and  Ironstone  Deposits  of  the  United  Kingdom. 
8vo,  £1  8s.  cloth. 
"  The  book  is  one  which  must  find  a  place  on  the  shelves  of  all  Interested  In  coal  and  Iron 

production,  and  in  the  iron,  steel,  and  other  metallurgical  industries." — Engineer. 

"  Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  ever  met 

.    .    .    A  book  of  reference  which  no  one  engaged  in  the  iron  or  coal  trades  should  omit  fron  his 

library.  "—/r<7M  and  Coal  Trades  Revinu. 

"An  exhaustive  treatise  and  a  valuable  work  of  reference."— A/tM««^  Journal. 

Prospecting  for  Gold  and  other  Metals. 

THE  PROSPECTOR'S  HANDBOOK:  A  Guide  for  the  Pro- 
spector and  Traveller  in  Search  of  Metal-Bearing  or  other  Valuable  Minerals. 
By  J.  W.  Anderson,  M.A.  (Camb.),  F.R.G.S.,  Author  of  "Fiji  and  New 
Caledonia."  Fourth  Edition,  thoroughly  Revised  and  Enlarged.  Small 
crown  8vo,  35.  6d.  cloth.  [Just  published. 

"  Will  supply  a  much  felt  want,  especially  among  Colonists,  n  whose  way  are  so  often  thrown 
many  mineralogical  specimens  the  value  of  which  it  is  difficult  for  anyone,  not  a  specialist,  to 
determine.  The  author  has  placed  his  instructions  before  his  readers  in  the  plainest  possible 
terms,  and  his  book  is  the  best  of  its  kind."— Eu!ri>iet:f: 

"How  to  find  commercial  minerals,  and  how  to  identify  them  when  they  are  found,  are  the 

leading:  points  to  which  attention  is  directed.    The  author  has  manag;ed  to  pack  as  much  practical 

detail  mto  his  pages  as  would  supply  material  for  a  book  three  times  its  size."— Mining  Journal. 

"Those  toilers  who  explore  the  trodden  or  untrodden  tracks  on  the  face  of  the  globe  will  find 

much  that  is  useful  to  them  in  this  hook."— Athenaum. 

Mining  Notes  and  Formulce. 

NOTES  AND  FORMULA  FOR  MINING  STUDENTS.  By 
John  Herman  Merivale,  M.A.,  Certificated  Colliery  Manager,  Professor  of 
Mining  in  the  Durham  College  of  Science,  Newcastle-upon-Tyne.  Second 
Edition,  carefully  Revised.  Small  crown  8vo,  cloth,  price  2S.  6d. 
"  Invaluable  to  anyone  who  is  working  up  for  jm  examination  on  mining  subjects."— Coal  and 
Iron  Trades  Review. 

"  The  author  has  done  his  work  in  an  exceedingly  creditable  manner,  and  has  produced  a  book 
that  will  be  of  service  to  students,  and  those  who  are  practically  engaged  in  mining  operations."— 
Engineer 

"  A  vast  amount  of  technical  matter  of  the  utmost  value  to  mining  engineers,  and  of  consider- 
able interest  to  students.  "—Sc/toolmaster. 
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Gold,  Metallurgy  of, 

THE  METALLURGY  OF  GOLD:  A  Practical  Treatise  on  the 
Metallurgical  Treatment  of  Gold-bearing  Ores.  Including  the  Processes  of 
Concentration  and  Ctilorination,  and  the  Assaying,  Melting  and  Refining  of 
Gold.  By  M.  Eissler,  Mining  Engineer  and  Metallurgical  Chemist,  formerly 
Assistant  Assayer  of  the  U.  S.  Mint,  San  Francisco,  Second  Edition,  Revised 
and  much  Enlarged.    With  132  Illustrations.    Crown  8vo,  gs.  cloth. 

[Just  published. 
"This  book  thoroughly  deserves  its  title  of  a  ' Practical  Treatise.'    The  whole  process  of  gold 
milling,  from  the  breaking  of  the  quartz  to  the  assay  of  the  bullion,  is  described  in  clear  and 
orderly  narrative  and  with  much,  but  not  too  much,  fulness  of  detail"— Saiardaj  Rezneiv. 

"  The  work  is  a  storehouse  of  information  and  valuable  data,  and  we  strongly  recommend  it  o 
all  professional  men  engaged  in  the  gold-mining  industry." — Mining-  Jourttal. 

"  Anyone  who  wishes  to  have  an  intelligent  acquaintance  with  the  characteristics  of  gold  and 
gold  ores,  the  methods  of  extracting  the  metal,  concentrating  and  chlorinating  it,  and  further  on 
of  refining  and  assaying  it,  will  find  all  he  wants  in  Mr.  Eissler's  hook."— Financial  News. 

Silver,  Metallurgy  of. 

THE  METALLURGY  OF  SILVER  :  A  Practical  Treatise  on  the 
Amalgamation,  Roasting  and  Lixiviation  of  Silver  Ores.  Including  the 
Assaying,  Melting  and  Refining  of  Silver  Bullion.  By  M.  Eissler,  Author 
of  "The  Metallurgy  of  Gold.''  With  124  Illustrations.  Crown  8vo,  los.  6d. 
cloth.  IJtist  published. 

"A  practical  treatise,  and  a  technical  work  which  we  are  convinced  will  supply  a  long-felt  want 

amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  others  indirectly  connected 

with  tne  mdustries." — Mining-  yotirnal. 

"  From  first  to  last  the  book  is  thoroughly  sound  and  reliable." — Colliery  Guardian. 

"  For  chemists,  practical  miners,  assayers  and  investors  alike,  we  do  not  know  of  any  work 

on  the  subject  so  handy  and  yet  so  comprehensive."— G/aj^cw  Herald. 

Mineral  Surveying  and  Valuing, 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COMPLETE 
GUIDE,  comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valua- 
tion of  Mining  Properties,  with  New  Traverse  Tables.  By  Wm.  Lintern, 
Mining  and  Civil  Engineer,  Third  Edition,  with  an  Appendix  on  "  Magnetic 
and  Angular  Surveying,"      With  Four  Plates.    i2mo,  4s.  cloth. 

"An  enormous  fund  of  information  of  great  value." — Mining  Journal. 

"  Mr.  Lintern's  book  forms  a  valuable  and  thoroughly  trustworthy  guide." — Iron  and  Coal 
Trades  Review. 

"  This  new  edition  must  be  of  the  highest  value  to  colliery  surveyors,  proprietors  and  mana- 
gers."— Colliery  Guardian, 

Metalliferous  Minerals  and  Mining, 

TREATISE    ON    METALLIFEROUS    MINERALS     AND 
MINING.    By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c.,  Author  of  "A 
Treatise  on  Slate  and  Slate  Quarrying,"     Illustrated  with  numerous  Wood 
Engravings.     Fourth  Edition,  carefully  Revised.    Crown  8vo,  12s.  6rf.  cloth. 
"Neither  the  practical  miner  nor  the  general  reader  interested  in  mines  can  have  a  better  book 

for  his  companion  and  his  guide."— Mini?ig  yoiirnal. 

"The  volume  is  one  which  no  student  of  mineralogy  should  be  Withont."— Colliery  Guardian, 
"  A  book  that  will  not  only  be  useful  to  the  geologist,  the  practical  miner,  and  the  metallurgist, 

but  also  very  interesting  to  the  general  puhlic."— Iron. 

"  As  a  history  of  the  present  state  of  mining  throughout  the  world  this  book  has  a  real  value, 

and  it  supplies  an  actual  want,  for  no  such  information  has  hitherto  been  brought  together  withia 

such  limited  space."— A themzunt. 

Earthy  Minerals  and  Mining, 

TREATISE  ON  EARTHY  AND  OTHER  MINERALS  AND 
MINING.  By  D,  C.  Davies,  F.G.S,  Uniform  with,  and  forming  a  Com- 
panion Volume  to,  the  same  Author's  "  Metalliferous  Minerals  and  Mining." 
With  76  Wood  Engravings.     Second  Edition.    Crown  Svo,  12s.  6d.  cloth. 

"It  is  essentially  a  practical  work,  intended  primarily  for  the  use  of  practical  men,  .  .  .  We 
do  not  remember  to  have  met  with  any  English  work  on  mining  matters  that  contains  the  same 
amoimt  of  information  packed  in  equally  convenient  {orm."—Academy. 

"  The  book  is  clearly  the  result  of  many  years'  careful  work  and  thought,  and  we  should  be 
inclined  to  rank  it  as  among  the  very  best  of  the  handy  technical  and  trades  manuals  which  have 
recently  appeared," — British  Quarterly  Review. 

"  The  volume  contains  a  great  mass  of  practical  information  carefully  methodised  and  pre- 
sented in  a  very  intelligible  shape." — Scotsman. 

"The  subject  matter  of  the  volume  will  be  found  of  high  value  by  all— and  they  are  a  nntner- 
ous  class— who  trade  in  earthy  rnxnex^s."- Athenaeum. 
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Underground  Pumping  Machinery, 

MINE  DRAINAGE.  Being  a  Complete  and  Practical  Treatise 
on  Direct-Acting  Underground  Steam  Pumping  Machinery,  with  a  Descrip- 
tion of  a  large  number  of  the  best  known  Engines,  their  General  Utility  and 
the  Special  Sphere  of  their  Action,  the  Mode  of  their  Application,  and 
their  merits  compared  with  other  forms  of  Pumping  Machinery.  By  Stephen 
MiCHELL.  8vo,  15s.  cloth. 
"Will  be  liighly  esteemed  by  colliery  owners  and  lessees,  mininjf  engineers,  and  students 

generally  who  require  to  be  acquainted  with  the  best  means  of  securing  the  drainage  of  mines.    It 

k  a  most  valuable  work,  and  stands  almost  alone  in  the  literature  of  steam  pumping  machinery.'  — 

CoUitry  Guardian. 

"  Much  valuable  information  is  given,  so  that  the  book  is  thoroughly  worthy  of  an  extensive 

circulation  amongst  practical  men  and  purchasers  of  machinery. ' — Mining  Journal. 

Mining  Tools, 

A   MANUAL  OF  MINING   TOOLS.     For  the  Use  of  Mine 
Managers,  Agents,  Students,  &c.     By  William  Morgans,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines.    i2mo,  2S.  6d.  cloth  limp, 
ATLAS  OF  ENGRAVINGS  to  Illustrate  the  above,  contain- 
ing  235  Illustrations  of  Mining  Tools,  drawn  to  scale.    4to,  4s.  61/.  cloth. 
"  Students  in  the  science  of  mining,  and  overmen,  captains,  managers,  and  viewers  may  gain 

pr.icticdj  icnowledge  and  useful  hints  by  the  study  of  Mr.  Morgans'  manual." — Colliery  Guardian. 
"A  valuable  work,  which  will  tend  materially  to  improve  our  mining  literature."— A/^j«»><^ 

yournai. 

Coal  Mining, 

COAL  AND  COAL  MINING:  A  Rudimentary  Treatise  on.     By 
Sir  Warington  W.  Smyth,  M.A.,  F.R.S.,  &c..  Chief  Inspector  of  the  Mines  of 
the  Crown.     New  Edition,  Revised  and  Corrected.     With  numerous  Illus- 
trations.    i2mo,  4s.  cloth  boards. 
"  As  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  of  tlie 

principal  methods  of  working,  the  book  will  doubtless  interest  a  very  large  number  of  readers."— 

Mining'  Journal. 

Granite  Quarrying, 

GRANITES  AND  OUR  GRANITE  INDUSTRIES.  By 
George  F.  Harris,  F.G.S.,  Membre  de  la  Societe  Beige  de  Geologie,  Lec- 
turer on  Economic  Geology  at  the  Birkbeck  Institution,  &c.  With  Illustra- 
tions.   Crown  8vo,  2s.  6d.  cloth, 

"  A  clearly  and  well-written  manual  for  persons  engaged  or  interested  in  the  granite  industry." 
— Scotsman, 

"  An  interesting  work,  which  will  be  deservedly  esteemed.     We  advise  the  author  to  write 
again." — Colliery  Guardian. 

"  An  exceedingly  interesting  and  valuable  monograph,  on  a  subject  which  has  hitherto  received 
unaccountably  little  attention  in  the  shape  of  systematic  literary  treatment."— Sc  oitisH  Leader. 


NATURAL  AND  APPLIED  SCIENCE. 


Text  Book  of  Electricity, 

THE  STUDENTS  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  Ph.D.,  F.R.S.,  F.C.S.  New  Edition,  carefully  Revised. 
With  an  Introduction  and  Additional  Chapters,  by  W.  H.  Preece,  M.I.C.E., 
Vice-President  of  the  Society  of  Telegraph  Engineers,  &c.  With  470  Illustra- 
tions.   Crown  8vo,  its.  6d.  cloth. 

"  The  original  plan  of  this  book  has  been  carefully  adhered  to  so  as  to  make  It  a  reflex  of  the 
existing  state  of  electrical  science,  adapted  for  students.  .  .  .  Discovery  seems  to  have  pro- 
gressed with  marvellous  strides  ;  nevertheless  it  has  now  apparently  ceased,  and  practical  applica- 
tions have  commenced  their  career ;  and  it  is  to  give  a  faithful  account  of  these  that  this  fresh 
edition  of  Dr.  Noad's  valuable  text-book  is  launched  foi\h."—Extract/rom  Introduction  by  IV.  H. 
Preece,  Esq. 

•'  We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  range  of  subject,  a  good  index 
»nd  a  plethora  of  woodcuts.    Such  collections  as  the  present  are  indispensable.  '—Athenceutn. 

"  An  admirable  text  book  for  every  student  —  beginner  or  advanced  —  of  electricity."— 
Engineering. 

Electricity, 

A  MANUAL  OF  ELECTRICITY:  Including  Galvanism,  Mag. 
netism,  Dia-Magnetism,  Electro-Dynamics,  Magno-Electricity,  and  the  Electric 
Telegraph.    By  Henry  M.  Noad.   Ph.D.,  F.R.S.,  F.C.S.    Fourth  Edition. 
With  500  Woodcuts.    8vo,  £1  4s.  cloth. 
"It  is  worthy  of  a  place  in  the  library  of  every  public  institution."— ^t'xtW^  youmoL 
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Electric  Light, 

ELECTRIC  LIGHT  :  Its  Production  and  Use.  Embodying  Plain 
Directions  for  the  Treatment  of  Voltaic  Batteries,  Electric  Lamps,  and 
Dynamo-Electric  Machines.  By  J.  W.  Urquhart,  C.E.,  Author  of  "  Electro- 
plating :  A  Practical  Handbook."  Edited  by  F.  C.  Webb,  M.I.C.E.,  M.S.T.E. 
Second  Edition,  Revised,  with  large  Additions  and  128  Illusts.  7s.  6J.  cloth. 
**  The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  subject." — Athenatitn. 
"It  is  the  only  work  at  present  available  which  gives,  in  langxiage  intelligible  for  the  most  part 
to  the  ordinary  reader,  a  general  but  concise  history  of  the  means  which  have  been  adopted  up  to 
the  present  time  in  producing  the  electric  \\z\A"— Metropolitan. 

"  The  book  contains  a  general  account  of  the  means  adopted  in  producing  the  electric  light, 
not  only  as  obtained  from  voltaic  or  galvanic  batteries,  but  treats  at  length  of  the  dynamo-electric 
machine  in  several  of  its  forms." — Colliery  Guardian, 

Electric  Lighting, 

THE  ELEMENTARY  PRINCIPLES  OF  ELECTRIC  LIGHT- 
ING.    By  Alan  A.  Campbell  Swinton,  Associate  I.E.E.    Second  Edition, 
Enlarged  and  Revised.     With  16  Illustrations.    Crown  8vo,  is.  6d.  cloth. 
"Anyone  who  desires  a  short  and  thoroughly  clear  exposition  of  the  elementary  principles  of 
electric-lighting  cannot  do  better  than  read  this  little  work."— Brad/brd  Observer. 

I>r,  Lardner-s  School  Handbooks, 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  Dr.  Lardner. 

328  Illustrations.     Sixth  Edition.    One  Vol.,  3s.  6d.  cloth. 

,"  A  very  convenient  class-book  for  junior  students  in  private  schools.  It  is  intended  to  convey, 
in  clear  and  precise  terms,  general  notions  of  all  the  prmcipal  divisions  of  Physical  Science."— 
British  Quarterly  Revieiv. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.    By  Dr.  Lardner. 

With  190  Illustrations.     Second  Edition.     One  Vol.,  3s.  6d.  cloth. 
"Clearly  written,  well  arranged,  and  excellently  illustrated."— Garrfwwr'j  Chronicle. 

Dr.  Lardner's  Electric  Telegraph, 

THE    ELECTRIC  TELEGRAPH.     By  Dr.   Lardner.      Re- 
vised  and  Re-written  by  E.  B.  Bright,  F.R.A.S.    140  Illustrations.    Small 
8vo,  2S.  6d.  cloth. 
"  One  of  tlie  most  readable  books  extant  on  the  Electric  Telegraph."— iTz/i^/zj/f  Mechanic. 

Astronomy, 

ASTRONOMY.  By  the  late  Rev.  Robert  Main,  M.A.,  F.R.S., 
formerly  RadcIiSe  Observer  at  Oxford.  Third  Edition,  Revised  and  Cor- 
rected to  the  present  time,  by  William  Thynne  Lynn,  B.A.,  F.R.A.S., 
formerly  of  the  Royal  Observatory,  Greenwich.     lamo,  2s.  cloth  limp. 

"A  sound  and  simple  treatise,  very  carefully  edited,  and  a  capital  book  for  beginners."— 
KnoiuUdg'..  [tional  Times, 

"  Accurately  brought  down  to  the  requirements  of  the  present  time  by  Mr.  L-ynn."—£duca' 

The  Blowpipe, 

THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  AND 

GEOLOGY.    Containing  all  known  Methods  of  Anhydrous  Analysis,  many 

Working  Examples,  and  Instructions  for   Making  Apparatus.      By   Lieut. - 

Colonel  W.  A.  Ross,  R.A.,  E.G. S.    With  120  Illustrations.    Second  Edition, 

Revised  and  Enlarged.     Crown  8vo,  5s.  cloth.  IJust  published. 

"The  student  who  goes  conscientiously  through  the  course  of  experimentation  here  laid  down 

will  gain  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  'got  up 'any  of 

the  best  text-books  ot  the  day,  and  passed  any  number  of  examinations  in  their  contents."— CAew*- 

cal  Neius. 

Tlie  Military  Sciences, 

AIDE-MEMOIRE  TQ  THE  MILITARY  SCIENCES,  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  different  Ser- 
vices. Originally  edited  by  a  Committee  of  the  Corps  of  Royal  Engine^s. 
Second  Edition, |most  carefully  Revised  by  an  Officer  ofithe  Corps,  with  many 
Additions;  containing  nearly  350  Engravings  and  many  hundred  Woodcuts. 
Three  Vols.,  royal  8vo,  extra  cloth  boards,  and  lettered,  £4  10s. 
"A  compendious  encyclopaedia  of  military  knowledge,  to  which  we  are  greatly  indebted."— 

Edinburgh  Review. 

"  The  most  comprehensive  book  of  reference  to  the  military  and  collateral  sciences."— 

Volunteer  Service  Gazette. 

Field  Fortification, 

A  TREATISE  ON  FIELD  FORTIFICATION,  THE  ATTACK 
OF  FORTRESSES,  MILITARY  MINING,  AND  RECONNOITRING.  By 
Colonel  I.  S.  Macaulay,  late  Professor  of  Fortification  in  the  R.M.A.,  Wool- 
wich.   Sixth  Edition,  crown  8vo,  cloth,  with  separate  Atlas  of  13  Plates,  i«. 
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Temperatn  ents, 

OUR    TEMPERAMENTS,   THEIR    STUDY  AND    THEIR 
TEACHING.     A  Popular  Outline.      By  Alexander   Stewart,   F.R.C.S. 
Edin.     In  one  large  8vo  volume,  with  30  Illustrations,  including  A  Selection 
from  Lodge's  *'  Historical  Portraits,"  showing  the  Chief  Forms  of  Faces. 
Price  15s.  cloth,  gilt  top. 
"The  book  is  exceedingly  interesting,  even  for  those  who  are  not  systematic  students  of  an- 
thropolos^y.  ...  To  those  who  think  the  proper  study  of  mankind  is  man,  it  will  be  full  of  attrac- 
tion. '—Daily  TeUgrafh. 

"The  author's  object  is  to  enable  a  student  to  read  a  man's  temperament  in  his  aspect.  The 
work  is  well  adapted  to  its  end.  It  is  worthy  of  the  attention  of  students  of  human  nature."— 
Scotsmatt. 

"  The  volume  is  heavy  to  hold,  but  light  to  read.  Though  the  author  has  treated  his  subject 
exhaustively,  he  writes  in  a  popular  and  pleasant  manner  that  renders  it  attractive  to  the  general 
tea.der."—PuncA. 

Antiseptic  Nursing, 

ANTISEPTICS :  A  Handbook  for  Nurses.  Being  an  Epitome  of 
Antiseptic  Treatment.  With  Notes  on  Antiseptic  Substances,  Disinfection, 
Monthly  Nursing,  &c.  By  Mrs.  Annie  Hewer,  late  Hospital  Sister,  Diplom^e 
Obs.  Soc.  Lond.    Crown  8vo,  is.  6d.  cloth.  [Just  published. 

"  This  excellent  little  work    ...    is  very  readable  and  contains  much  information.    We  can 

strongly  recommend  it  to  those  who  are  undergoing  training  at  the  %'arious  hospitals,  and  also  to 

those  who  are  engaged  in  the  practice  of  nursing,  as  they  cannot  fail  to  obtain  practical  hints  from 

its  peru9,al."— Lancet. 

"  The  student  or  the  busy  practitioner  would  do  well  to  look  through  its  pages,  offering  as  they 

do  a  suggestive  and  faithful  picture  of  antiseptic  methods."— //uj/t/a/  Gazette. 
"A  clear,  concise,  and  excellent  little  handbook."— T/ttf  Hospital. 

^Pneumatics  and  Acoustics. 

PNEUMATICS  :  including  Acoustics  and  the  Phenomena  of  Wind 
Currents,  for  the  Use  of  Beginners.  By  Charles  Tomlinson,  F.R.S., 
F.C.S.,  &c.  Fourth  Edition,  Enlarged.  With  numerous  Illustrations. 
i2mo,  IS.  6d.  cloth. 
"  Beginners  in  the  study  of  this  important  application  of  science  could  not  have  a  better  manual." 
—Scotsma7t. 

"  A  valuable  and  suitable  text-book  for  students  of  Acoustics  and  the  Phenomena  of  Wind 
Currents. "  —Schoolmaster. 

Conchology, 

A  MANUAL  OF  THE  MOLLUSC  A  :  Being  a  Treatise  on  Recent 
and  Fossil  Shells.  By  S.  P.  Woodward,  A.L.S.,  F.G.S.,  late  Assistant 
Palaeontologist  in  the  British  Museum.  Fifth  Edition.  With  an  Appendix 
on  Recent  and  Fossil  Conchological  Discoveries,  by  Ralph  Tate,  A.L.S., 
F.G.S.  Illustrated  by  A.  N.  Waterhouse  and  Joseph  Wilson  Lowry. 
With  23  Plates  and  upwards  of  300  Woodcuts.  Crown  8vo,  7s.  6d.  cloth 
boards. 
"  A  most  valuable  storehouse  of  conchological  and  geological  information."— 5«V«f<f  Gossip. 

Geology. 

RUDIMENTARY  TREATISE  ON  GEOLOGY,  PHYSICAL 
AND  HISTORICAL.  Consisting  of  "Physical  Geology,"  which  sets  forth 
the  leading  Principles  of  the  Science ;  and  "  Historical  Geology,"  which 
treats  of  the  Mineral  and  Organic  Conditions  of  the  Earth  at  each  successive 
epoch,  especial  reference  being  made  to  the  British  Series  of  Rocks.  By 
Ralph  Tate,  A.L.S.,  F.G.S.,  &c.,  &c.  With  250  Illustrations,  lamo,  5s. 
cloth  boards. 

"  The  fulness  of  the  matter  has  elevated  the  book  into  a  manual.  Its  information  Is  exhaustive 
•nd  well  arranged." — School  Board  Chronicle. 

Geology  and  Genesis. 

THE   TWIN   RECORDS  OF  CREATION;    or,   Geology    and 

Genesis :  their  Perfect   Harmony   and    Wonderful   Concord,    By  George  W. 

Victor  le  Vaux.    Numerous  Illustrations.    Fcap.  8vo,  5s.  cloth. 

"  A  valuable  contribution  to  the  evidences  of  Revelation,  and  disposes  very  conclusively  of  the 
arguments  of  those  who  would  set  God's  Works  against  God's  Word.  No  real  difficulty  is  shirked, 
and  no  sophistry  is  left  unexposed."— 7"A<  Rod,  •    .      • 

"  The  remarkable  peculiarity  of  this  author  is  that  he  combines  an  unbounded  admiration  of 
science  with  an  unbounded  admiration  of  the  Written  record.  The  two  impulses  are  balanced  to 
a  nicety  ;  and  the  consequence  is  that  difficulties,  which  to  minds  less  evenly  poised  would  be  seri- 
ous, find  immediate  solutions  of  the  happiest  kinds-" — London  Review. 
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DR.  LARDNER'S  HANDBOOKS  OF  NATURAL  PHILOSOPHY. 

THE  HANDBOOK  OF  MECHANICS.    Enlarged  and  almost  re- 

written  by  Benjamin  Loewy,  F.R.A.S.    With  378  Illustrations.    Post  8vo, 

6s.  cloth. 

"  The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had  become  obsolete 
have  been  replaced  by  others  of  more  modern  character.  The  explanations  throughout  are 
studiously  popular,  and  care  has  been  taken  to  show  the  application  of  the  various  branches  oi 
physics  to  tlie  industrial  arts,  and  to  the  practical  business  of  Hie."— Mining-  Journal. 

"Mr.  Loewy  has  carefully  revised  the  book,  and  brought  it  up  to  modern  requirements."— 
Nature. 

"  Natural  philosophy  has  had  few  exponents  more  able  or  better  skilled  in  the  art  of  popu- 
larising the  subject  than  Dr.  Lardner  ;  and  Mr.  Loewy  is  doing  good  service  in  fittmgthis  treatise, 
and  the  others  of  the  series,  for  use  at  the  present  time."—Scoisman. 

THE  HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS. 

New  Edition,  Revised  and  Enlarged,  by  Benjamin  Loewy,  F.R.A.S.    With 

236  Illustrations.    Post  8vo,  5s.  cloth. 

"For  those  'who  desire  to  attain  an  accurate  knowledge  of  physical  science  without  the  pro. 
found  methods  of  mathematical  investigation, '  this  work  is  not  merely  intended,  but  well  adapted. 
— Chemical  News. 

"  The  volume  before  us  has  been  carefully  edited,  augmented  to  nearly  twice  the  bulk  of  th« 
former  edition,  and  all  the  most  recent  matter  has  been  added.  .  .  .  It  is  a  valuable  text-book. 
—Nature. 

'     "  Candidates  for  pass  exsiminations  will  find  it,  we  think,  specially  suited  to  their  requirements.' 
English  Mechanic. 

THE  HANDBOOK  OF  HEAT.     Edited  and  almost  entirely  re- 
written by  Benjamin  Loewy,  F.R.A.S.,  &c.    117  Illustrations.    Post  8vo,  6s» 
cloth. 
"  The  style  Is  always  clear  and  precise,  and  conveys  instruction  without  leaving  any  cloudiness 

or  lurking  doubts  behind." — Engineering: 

"A  most  exhaustive  book  on  the  subject  on  which  it  treats,  and  is  so  arranged  that  it  can  be 

understood  by  all  who  desire  to  attain  an  accurate  knowledge  of  physical  science.    ....    Mr. 

Loewy  has  included  aU  the  latest  discoveries  in  the  varied  laws  and  effects  of  heat." — Standard. 
"A  complete  and  handy  text-book  for  the  use  of  students  and  general  readers."— ii«i'-/«-A 

Mechanic. 

THE  HANDBOOK  OF  OPTICS.   By  Dionysius  Lardner,D.C.L.» 

formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
College,  London.  New  Edition.  Edited  by  T.  Olver  Harding,  B.A.  Lond.> 
of  University  College,  London.  With  298  Illustrations.  Small  8vo,  448 
pages,  5s.  cloth. 

"Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately  illustrated. 
Mechanic s  Magazine, 

THE  HANDBOOK  OF  ELECTRICITY,   MAGNETISM,   AND 
ACOUSTICS.  By  Dr.  Lardner.    Ninth  Thousand.    Edit,  by  George  Carey 
Foster,  B.A.,  F.C.S.    With  400  Illustrations.    Small  8vo,  5s.  cloth. 
"  The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to  preserve  the  terse  and 

lucid  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his  work  to  the  present  state  of 

scientific  knowledge." — Popular  Science  Review, 

\*  The  above  Five  Volumes,  though  each  is  Complete  in  itself,  form  A  Com- 
plete Course  of  Natural  Philosophy. 


Dr,  Lardner's  HandhooJc  of  Astronomy, 

THE  HA  NDBOOK  OF  A  STRONOMY.  Forming  a  Companion 
to  the  "  Handbook  of  Natural  Philosophy.''  By  Dionysius  Lardner,  D.C.L.> 
formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
College,  London.  Fourth  Edition.  Revised  and  Edited  by  Edwin  Dunkin, 
F.R.A.S.,  Royal  Observatory,  Greenwich.  With  38  Plates  and  upwards  of 
100  Woodcuts.  In  One  Vol.,  small  8vo,  550  pages,  gs.  6d,  cloth. 
"  Probably  no  other  book  contains  the  same  amount  of  information  in  so  compendious  and  well' 
arranged  a  form — certainly  none  at  tlie  price  at  which  this  is  offered  to  the  public." — Athenaum. 

"We  can  do  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astronomy,  and  wo 
strongly  recommend  it  to  all  who  wish  to  acquire  a  general— but  at  the  same  time  correct— acquaint- 
ance with  this  sublime  sciexice."— Quarterly  Journal  of  Science. 

"One  of  the  most  deservedly  popular  books  on  the  subject  .  .  .  We  would  recommend  not 
only  the  student  of  the  elementary  principles  of  the  science,  but  he  who  aims  at  mastering  the 
higher  and  mathematical  branches  of  astronomy,  not  to  be  without  this  work  beside  ^xra.."— Practi- 
cal Magazine, 
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DR.  LARDNER'S  MUSEUM  OF  SCIENCE  AND  ART. 


THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
DiONYSius  Lardner,  D.C.L.,  formerly  Professor  ot  Natural  Philosophy  and 
Astronomy  in  University  College,  London.  With  upwards  of  1,200  Engrav- 
ings on  Wood.  In  6  Double  Volumes,  £1  is.,  in  a  new  and  elegant  cloth  bind- 
ing ;  or  handsomely  bound  in  half-morocco,  31s.  6(i. 

Contents : 

motive  —  Thermometer  —  New  Planets :  Le- 
verrier  and  Adams's  Planet — Magnitude  and 
Minuteness— Common  Things:  The  Almanack 
— Opticcil  Images— How  to  observe  the  Heavens 
—  Common  Things :  The  Looking-glass  — 
Stellar  Universe— The  Tides— Colour— Com- 
mon Things:  Man— Magnifying  Classes— In- 
stinct and  Intelligence— The  Solar  Microscope 
—The  Camera  Lucida— The  Magic  Lantern — 
The  Camera  Obscura— The  Microscope— The 
White  Ants:  Their  Manners  and  Habits— The 
Surface  of  the  Earth,  or  First  Notions  of 
Geography— Science  and  Poetry— The  Bee- 
Steam  Navigation  —  Electro-Motive  Power  — 
Thunder,  Lightning,  and  the  Aurora  Borealis 
—The  Printing  Press— The  Crust  of  the  Earth 
— Comets — The  Stereoscope— The  Pre-Adam- 
Ite  Earth— Eclipses— Sound. 


The  Planets:  Are  they  Inhabited  Worlds  ?— 
Weather  Prognostics  —  Popular  Fallacies  in 
Questions  of  Physical  Science— Latitudes  and 
Longitudes  —  Lunar  Influences  —  Meteeric 
Stones  and  Shooting  Stars— Railway  Accidents 
—Light — Common  Things  :  Air — Locomotion 
fa  the  United  States— Cometary  Influences- 
Common  Things :  Water— The  Potter's  Art- 
Common  Things:  Fire  —  Locomotion  and 
Transport,  their  Influence  and  Progress— The 
Moon- Common  Things:  The  Earth  — The 
Electric  Telegraph  —  Terrestrial  Heat  — The 
Sun — Earthquakes  and  Volcanoes — Barometer, 
Safety  Lamp,  and  Whitworth's  Micrometric 
Apparatus— Steam— The  Steam  Engine— The 
Eye  —  The  Atmosphere  —  Time  —  Common 
Things :  Pumps— Common  Things :  Spectacles, 
the  Kaleidoscope  —  Clocks  and  Watches  — 
Microscopic  Drawing  and  Engraving— Loco- 

***  Opinions  of  the  Press. 

"This  series,  besides  affording  popubr  but  sound  instruction  on  scientific  subjects,  with  which 
the  humblest  man  in  the  country  ought  to  be  acquainted,  also  undertakes  that  teaching  of  '  Com- 
mon Things  '  which  every  well-wisher  of  his  kind  is  anxious  to  promote.  Many  thousand  copies  of 
this  serviceable  publication  have  been  printed,  in  the  belief  and  hope  that  the  desire  for  mstruction 
End  improvement  widely  prevails  ;  and  we  have  no  fear  that  such  enlightened  faith  will  meet  with 
ttisappointment."—  Times. 

"  A  cheap  and  interesting  publication,  alike  informing  and  attractive.  The  papers  combine 
subjects  of  importance  and  great  scientific  knowledge,  considerable  inductive  powers,  and  a 
popular  style  of  treatment."— i/^rt/a^r. 

"The  '  Museum  of  Science  and  Art'  is  the  most  valuable  contribution  that  has  ever  been 
made  to  the  Scientific  Instruction  of  every  class  of  society."— Sir  David  Brewster,  ia  the 
North  British  Review. 

"  Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  ot  the  writing', 
or  the  durable  interest  of  the  matter,  we  must  e.xprcss  our  belief  that  there  is  hardly  to  be  found 
among  the  new  books  one  that  would  t)e  welcomed  by  people  of  so  many  ages  and  classes  as  a 
valuable  present." — Examiner. 

*^*  Separate  books  formed  from  the  above,  suitable  for  Workmen's  Libraries, 
Science  Classes,  etc. 

Ootntnon  Tilings  Explained,  Containing  Air,  Earth,  Fire,  Water, Time, 
Man,  the  Eye,  Locomotion,  Colour,  Clocks  and  Watches,  &c.  233  Illus- 
trations, cloth  gilt,  5s, 

The  Microscope.  Containing  Optical  Images,  Magnifying  Glasses,  Origin 
and  Description  of  the  Microscope,  Microscopic  Objects,  the  Solar  Micro- 
scope, Microscopic  Drawing  and  Engraving,  &c.  147  Illustrations,  cloth 
gilt,  2S. 

Popular  Geology,  Containing  Earthquakes  and  Volcanoes,  the  Crust  of 
the  Earth,  &c.    201  Illustrations,  cloth  gilt,  2s.  6d. 

Popular  Physics.  Containing;  Magnitude  and  Minuteness,  the  Atmo- 
sphere, Meteoric  Stones,  Popular  Fallacies,  Weather  Prognostics,  the 
Thermometer,  the  Barometer,  Sound,  &c.   85  Illustrations,  cloth  gilt,  25.  6d. 

Steam  and  its  Uses.  Including  the  Steam  Engine,  the  Locomotive,  and 
Steam  Navigation.    89  Illustrations,  cloth  gilt,  25. 

Poptdar  Astronomy.  Containing  How  to  observe  the  Heavens— The 
Earth,  Sun,  Moon,  Planets,  Light,  Comets,  Eclipses,  Astronomical  Influ- 
ences, &c.    182  Illustrations,  4s.  6d. 

The  Bee  and  White  Ants:  Their  Manners  and  Habits,  With  Illustra 
tions  of  Animal  Instinct  and  Intelligence.    135  Illustrations,  cloth  gilt,  2S. 

The  Electric  Telegraph  Popularized.  To  render  intelligible  to  all  who 
can  Read,  irrespective  of  any  previous  Scientific  Acquirements,  the  various 
iorms  of  Telegraphy  in  Actual  Operation.  100  Illustrations,  cloth  gUt, 
is.6d. 


COUNTING-HOUSE  WORK-TABLES, CALCULATORS, etc'  29 

COUNTING-HOUSE  WORK,  TABLES,  etc. 

Accounts  for  Manufacturers, 

FACTORY  ACCOUNTS :  Their  Principles  and  Practice.  A 
Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on  the  No- 
menclature of  Machine  Details;  the  Income  Tax  Acts;  the  Rating  of  Fac- 
tories ;  Fire  and  Boiler  Insurance ;  the  Factory  and  Workshop  Acts,  &c., 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings, 
By  Emile  Garcke  and  J.  M.  Fells.  Third  Edition.  Demy  8vo,  250  pages, 
price  6s.  strongly  bound.  [Just  published. 

"  A  very  interesting  description  ofthe  requirements  of  Factory  Accounts.     .     .     .     the  principle 

of  assimilating  the  Factory  Accounts  to  the  general  commercial  tooks  is  one  which  we  thoroughly 

agree  •w\X.h."—Accoziniants'  yournal. 

"  Characterised  by  extreme  thoroughness.      There  are  few  owners  of  Factories  who  would 

not  derive  great  beneiit  from  the  perusal  of  this  most  admirable  \iQx\i."— Local  Govemmeni 

Chronicle. 

Foreign  Cotnynercial  Correspondence, 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT:  Being 
Aids  to  Commercial  Correspondence  in  Five  Languages — English,  French, 
German,  Italian  and  Spanish.  By  Conrad  E.  Baker.  Second  Edition, 
Revised.    Crown  8vo,  3s.  6d.  cloth.  [Just  published. 

' '  Whoever  wishes  to  correspond  in  all  the  languages  mentioned  by  Mr.  Baker  cannot  do  bettcr 
tlian  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.  They  con- 
sist not  of  entire  specimen  letters,  but  wViat  are  far  more  useful— short  passages,  sentences,  or 
phrases  expressing  the  same  general  idea  in  various  formt." — Atheitau»t. 

"  A  careful  examination  has  convinced  us  that  it  is  unusually  complete,  v.ell  arranged  and 
reliable.    The  book  is  a  thoroughly  good  one." — Schoolmaster. 

Intuitive  Calculations, 

THE  COMPENDIOUS  CALCULATOR:  or.  Easy  and  Con- 
cise Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions,  together  with  Useful  Tables.  By 
Daniel  O'Gorman.  Corrected  and  Extended  by  J.  R.  Young,  formerly 
Professor  of  Mathematics  at  Belfast  College,  Twenty-seventh  Edition,  care- 
fully Revised  by  C.  Norris.  Fcap.  8vo,  3s.  6d.  strongly  half-bound  in  leather. 
"  It  would  be  difficult  to  exaggerate  the  usefulness  of  a  book  like  this  to  everyone  engaged  in 

commerce  or  manufacturing  industry.    It  is  crammed  full  of  rules  and  formulae  for  shortening  and 

employing  calculations."— A';i<77f/«a'^^. 

"  .Supplies  special  and  rapid  methods  for  all  kinds  of  calculations.    Of  great  utility  to  persons 

engaged  in  any  kind  of  commercial  transactions."—ScotsmaH. 

Modern  Metrical  Units  and  Systems, 

MODERN  METROLOGY :  A  Manual  of  the  Metrical  Units 
and  Systems  of  the  Present  Century,  With  an  Appendix  containing  a  proposed 
English  System.  By  Lewis  D'A.  Jackson,  A.M. Inst, C.E.,  Author  of  "Aid 
to  Survey  Practice,"  &c.     Large  crown  8vo,  12s.  6d.  cloth. 

"The  author  has  brought  together  much  valuable  and  interesting  information.  .  .  .  We 
cannot  but  recommend  the  work  to  the  consideration  of  all  interested  in  the  practical  reform  of  ouf 
weights  and  measures." — Nature. 

"  For  exhaustive  tables  of  equivalent  weights  and  measures  of  all  sorts,  and  for  clear  demonstra- 
tions of  the  effects  of  the  various  systems  that  have  been  proposed  or  adopted,  Mr.  Jackson's 
treatise  is  without  a  rival." — Academy. 

The  Metric  System  and  the  British  Standards, 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British  Stand- 
ard Measures  and  Weights  are  compared  with  those  of  the  Metric  System  at  present 
in  Use  on  the  Continent.  By  C.  H.  Dowling,  C.E.  8vo,  ios.  6d.  strongly  bound. 

"Their  accuracy  has  been  certified  by  Professor  Airy,  the  Astronomer-Royal."— 5MiV(/<'r. 

"  Mr.  Dowling's  Tables  are  well  put  together  as  a  ready-reckoner  for  the  conversion  of  one 
system  into  the  other." — Atkenaum. 

Iron  and  Metal  Trades^  Calculator, 

THE  IRON  AND  METAL  TRADES'  COMPANION.  For 
expeditiously  ascertaining  the  Value  of  any  Goods  bought  or  sold  by  Weight, 
from  IS.  per  cwt.  to  112s.  per  cwt.,  and  from  one  farthing  per  pound  to  one 
shilling  per  pound.  Each  Table  extends  from  one  pound  to  100  tons.  To 
which  are  appended  Rules  on  Decimals,  Square  and  Cube  Root,  Mensuration 
of  Superficies  and  Solids,  &c, ;  Tables  of  Weights  of  Materials,  and  other 
Useful  Memoranda,  ByTnos.  Downie.  396pp.,9S.  Strongly  bound  in  leather. 
"  A  most  useful  set  of  tables,  and  will  supply  a  want,  for  nothing  like  them  before  existed."— 

Building-  News. 

"  Although  speciaHy  adapted  to  the  Iron  and  metal  trades,  the  tables  will  be  found  useful  in 

every  other  business  in  which  merchandise  is  bought  and  sold  by  vceighu"—Jiail7i/aj/  News. 
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Calculator  for  Numbers  and  Weights  Combined, 

THE  NUMBER  AND  WEIGHT  CALCULATOR.  Contain- 
ing upwards  of  250,000  Separate  Calculations,  showing  at  a  glance  the  value 
at  421  diflerent  rates,  ranging  from  7,\th  of  a  Penny  to  20s.  each,  or  per  cwt., 
and  £20  per  ton,  of  any  number  of  articles  consecutively,  from  1  to  470. — 
Any  number  of  cwts.,  qrs.,  and  lbs.,  from  i  cwt.  to  470  cwts.— Any  number  ol 
tons,  cwts.,  qrs.,  and  lbs.,  from  i  to  23^  tons.  By  William  Chadwick,  Public 
Accountant.  Second  Edition,  Revised  and  Improved,  and  specially  adapted 
for  the  Apportionment  of  Mileage  Charges  for  Railway  TraflSic.  8vo,  price 
i8s.,  strongly  bound  for  Office  wear  and  tear.  [_  Just  published. 

IS"  This  comprehensive  and  entirely  unique  and  original  Calculator  is  adapted 
for  the  use  of  Accountants  and  Auditors,  Railway  Companies,  Canal  Companies, 
Shippers,  Shipping  Agents,  General  Carriers,  etc.  Iron/ounders,  Brassfounders, 
Metal  Merchants,  Iron  Manufacturers,  Ironmongers,  Engineers,  Machinists,  Boiler 
Makers,  Millwrights,  Roofing,  Bridge  and  Girder  Makers,  Colliery  Proprietors,  etc. 
Timber  Merchants,  Builders,  Contractors,  Architects,  Surveyors,  Auctioneers, 
Valuers,  Brokers,  Mill  Owners  and  Manufacturers,  Mill  Furnishers,  Merchants  and 
General  Wholesale  Tradesmen. 

\*  Opinions  of  the  Press. 

The  book  contains  the  answers  to  questions,  and  not  simply  a  set  of  Ineenlous  puzzle 
methods  of  arriving  at  results.  It  is  as  easy  of  reference  for  any  answer  or  any  nurnber  of  answers 
as  a  dictionary,  and  the  references  are  even  more  quickly  made.  For  making  up  accounts  or  esti- 
mates, the  book  must  prove  invaluable  to  all  who  have  any  considerable  quantity  of  calculations 
Involving  price  and  measure  in  any  combination  to  do." — Ettg^itteer. 

"  The  most  complete  and  practical  ready  reckoner  which  it  has  been  our  fortune  yet  to  see. 
It  is  difficult  to  imagine  a  trade  or  occupation  in  which  it  could  not  be  of  the  greatest  use,  either 
In  saving  human  labour  or  in  checking  work.    The  Publishers  have  placed  within  the  reach  of 
every  commercial  man  an  invaluable  and  unfailing  assistant."— 7"A«  Miller. 
"  The  most  perfect  work  of  the  kind  yet  prepared."— G/aj^ow  Herald. 

Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR.  Being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  One  Reference  the  exact 
Value  of  any  Weight  from  i  lb.  to  15  tons,  at  300  Progressive  Rates,  from  id. 
to  168s.  per  cwt.,  and  containing  186,000  Direct  Answers,  which,  with  their 
Combinations,  consisting  of  a  single  addition  (mostly  to  be  performed  at 
sight),  will  afford  an  aggregate  of  10,266,000  Answers;  the  whole  being  calcu- 
lated and  designed  to  ensure  correctness  and  promote  despatch.  By  Henry 
Harben,  Accountant.  Fourth  Edition,  carefully  Corrected.  Royal  8vo, 
strongly  half-bound,  £1  5s. 
"  A  practical  and  useful  work  of  reference  for  men  of  business  generally  ;  it  is  the  best  of  the 

kind  we  have  seen." — Irojijno7iger. 

"Of  priceless  value  to  business  men.    It  is  a  necessary  book  in  all  mercantile  offices." — SheJ- 

field  Independent. 

Comprehensive  Discount  Guide, 

THE  DISCOUNT  GUIDE.  Comprising  several  Series  of 
Tables  for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others, 
by  which  may  be  ascertained  the  exact  Profit  arising  from  any  mode  of  using 
Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and  the  method  of  either 
Altering  a  Rate  of  Discount  or  Advancing  a  Price,  so  as  to  produce,  by  one 
operation,  a  sum  that  will  realise  any  required  profit  after  allowing  one  or 
more  Discounts :  to  which  are  added  Tables  of  Profit  or  Advance  from  j\  to 
90  per  cent.,  Tables  of  Discount  from  i\  to  98!  per  cent.,  and  Tables  of  Com- 
mission, &c.,  from  \  to  10  per  cent.  By  Henry  Harben,  Accountant,  Author 
of  "  The  Weight  Calculator."  New  Edition,  carefully  Revised  and  Corrected. 
Demy  8vo,  544  pp.  half-bound,  £1  f,s. 

"A  book  such  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving  of  time 
means  saving  of  money.  We  have  the  nigh  authority  of  Professor  J.  R.  Young  that  the  tables 
throughout  the  work  are  constructed  upon  strictly  accurate  principles.  The  work  is  a  model 
of  typographical  clearness,  and  must  prove  of  great  value  to  merchants,  manufacturers,  and 
general  traders."— .ffri/irA  Trade  jfournal. 

Iron  Shipbuilders^  and  Merchants^  Weight  Tables, 

IRON -PLATE  WEIGHT  TABLES:  For  Iron  Shipbuilders, 
Engineers  and  Iron  Merchants.  Containing  the  Calculated  Weights  of  up- 
wards of  150,000  different  sizes  of  Iron  Plates,  from  i  foot  by  6  in.  by  \  in.  to 
10  feet  by  5  feet  by  i  in.  Worked  out  on  the  basis  of  40  lbs.  to  the  square 
foot  of  Iron  of  i  inch  in  thickness.  Carefully  compiled  and  thoroughly  Re- 
vised by  H.  Burlinson  and  W,  H.  Simpson,  Oblong  4to,  255.  halt-bound. 
"This  work  will  be  found  of  great  utility.    The  authors  have  had  much  practical  experience 

of  what  is  wanting  in  making  estimates;  and  the  use  of  the  book  vill  save  much  time  in  making 

elaborate  calculations.  — English  Mechanic. 
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INDUSTRIAL  AND  USEFUL  ARTS. 
Soap-making, 

THE  ART  OF  SOAP-MAKING :  A  Practical  Handbook  of  the 
Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  etc.  Including  many  New 
Processes,  and  a  Chapter  on  the  Recovery  of  Glycerine  from  Waste  Leys. 
By  Alexander  Watt,  Author  of  "Electro-Metallurgy  Practically  Treated," 
&c.  With  numerous  Illustrations.  Third  Edition,  Revised.  Crown  8vo, 
ys.  6d.  cloth. 
"The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the  practical 

soap-boiler  who  wishes  to  understand  the  theory  of  his  ^x\.."— Chemical  News. 

"Really  an  excellent  example  of  a  technical  manual,  entering,  as  it  does,   thoroughly  and 

exhaustively  both  into  the  theory  and  practice  of  soap  manufacture.    The  book  is  well  and  honestly 

done,  and  deserves  the  considerable  circulation  with  which  it  will  doubtless  meet." — Knowledge. 
"Mr.  Watt's  book  is  a  thoroughly  practical  treatise  on  an  art  which  has  almost  no  literature  in 

our  language.    We  congratulate  the  author  on  the  success  of  his  endeavour  to  fill  a  void  in  English 

technical  literature."— A^a^z^rf. 

^PaiiGi'  jyiaktna* 

THE  ART  OF  PAPER  MANUFACTURE:  A  Practical  Hand- 
book of  the  Manufacture  of  Paper  from  Rags,  Esparto,  Wood  and  other  Fibres. 
By  Alexander  Watt,  Author  of  "  The  Art  of  Soap-Making,"  •'  The  Art  of 
Leather  Manufacture,"  &c.  With  numerous  Illustrations.  Cr.  8vo.  [In  the  press. 

Leather  Manufacture, 

'  THE  ART  OF  LEATHER  MANUFACTURE.  Being  a 
Practical  Handbook,  in  which  the  Operations  ot  Tanning,  Currying,  and 
Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning  Ex- 
plained, and  many  Recent  Processes  introduced;  as  also  Methods  for  the 
Estimation  of  Tannin,  and  a  Description  of  the  Arts  of  Glue  Boiling,  Gut 
Dressing,  &c.  By  Alexander  Watt,  Author  of  "  Soap-Making,"  "  Electro- 
Metallurgy,"  &c.  With  numerous  Illustrations.  Second  Edition.  Crown 
8vo,  gs.  cloth, 
"A  sound,  comprehensive  treatise  on  tanning  and  its  accessories.    .    .    An  eminently  valuable 

production,  which  redounds  to  the  credit  of    both  author  and  puh'dshers."— Chemical  Review. 
"This  volume  is  technical  without  being  tedious,  comprehensive  and  complete  without  being 

prosy,  and  it  bears  on  every  page  the  impress  of  a  master  hand.    We  have  never  come  across  a 

better  trade  treatise,  nor  one  that  so  thoroughly  supplied  an  absolute  want."— 5A<7e  and  Leather 

Trades'  Chronicle. 

Boot  and  Shoe  MaMng, 

THE  ART  OF  BOOT  AND  SHOE-MAKING.     A  Practical 

Handbook,  including  Measurement,  Last-Fitting,  Cutting-Out,  Closing  and 

Making,  with  a  Description  of  the  most   approved  Machinery  employed. 

By  John  B.  Lend,  late  Editor  of  St.  Crispin,  and  The  Boot  and  Shoe-Maker. 

With  numerous  Illustrations.    Third  Edition.     lamo,  2s.  cloth  limp. 
"  This  excellent  treatise  is  by  far  the  best  work  ever  written  on  the  subject.    A  new  work, 
embracing  all  modem  improvements,  was  much  wanted.  This  want  is  now  satisfied.    The  chapter 
on  clicking,  which  shows  how  waste  may  be  prevented,  will  save  fifty  times  the  price  of  the  book." 
— Scottish  Leather  Trader. 

"  This  volume  is  replete  with  matter  well  worthy  the  perusal  of  boot  and  shoe  manufacturers 
and  experienced  craftsmen,  and  instructive  and  valuable  in  the  highest  degree  to  all  young 
beginners  and  craftsmen  in  the  trade  of  which  it  Uea.ts."— Leather  Trades'  Circular. 

Dentistry, 

MECHANICAL  DENTISTRY  :  A  Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Dentures.  Comprising  also  Use- 
ful Formulae,  Tables  and  Receipts  for  Gold  Plate,  Clasps,  Solders,  &c.  &c. 
By  Charles  Hunter.  Third  Edition,  Revised.  With  upwards  of  100 
Wood  Engravings.    Crown  Svo,  3s.  6d.  cloth. 

"  The  work  is  very  'pra.cticaX."— Monthly  Review  of  De7ital  Sicr^ery. 

"  We  can  strongly  recommend  Mr.  Hunter's  treatise  to  all  students  preparing  for  the  profession 
of  dentistry,  as  well  as  to  every  mechanical  dentist."— />«Wi«  journal  of  Medical  Science. 

"  A  work  in  a  concise  form  that  few  could  read  without  gaining  information  from."— Britis/i 
journal  of  Dental  Science. 

Wood  Engraving, 

A  PRACTICAL  MANUAL  OF  WOOD  ENGRAVING.    With 

a  Brief  Account  of  the  History  of  the  Art.    By  William  Norman  Brown. 

With  numerous  Illustrations.    Crown  Svo,  ts.  cloth. 

"  The  author  deals  with  the  subject  in  a  thoroughly  practical  and  easy  series  of  representative 
\t&%ona."— Paper  and  Printing  Trades  Journal. 

"  The  book  is  clear  and  complete,  and  will  be  useful  to  anyone  wanting  to  understand  the  first 
elements  of  the  beautiful  art  of  wood  engtaLVins."— Graphic. 
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HANDYBOOKS  FOR  HANDICRAFTS.    By  PAUL  N.  HASLUCK. 

13"  These  Handybooks  are  written  to  supply  Handicraftsmen  with  informa' 
Hon  on  workshop  practice,  and  are  intended  to  convey,  in  plain  language,  technical 
knowledge  of  the  several  crafts.  Workshop  terms  are  used,  and  workshop  practice 
described,  the  text  being  freely  illustrated  with  drawings  of  modern  tools,  appliances 
and  processes. 

N.B.  The  following  Volumes  are  already  published,  and  others  are  in  preparation. 

Metal  Turning, 

THE  MET  A  L  TURNER'S  HA  NDYBOOK.  A  Practical  Manual 
for  Workers  at  the  Foot-Lathe:  Embracing  Information  on  the  Tools, 
Appliances  and  Processes  employed  in  Metal  Turning.  By  Paul  N.  Has- 
LucK,  Author  of  "  Lathe-Work,"  With  upwards  of  One  Hundred  Illustra- 
tions.   Second  Edition,  Revised.    Crown  8vo,  25.  cloth. 

"  Altogether  admirably  adapted  to  initiate  students  into  the  art  of  iMznins."— Leicester  Post. 
"  Clearly  and  concisely  written,  excellent  in  every  way,  we  heartily  commend  it  to  all  hitercstcd 
In  meted  turning." — Mechanical  IVorld, 

Wood  Turning, 

THE  WOOD  TURNER'S  HANDYBOOK.  A  Practical  Manual 
for  Workers  at  the  Lathe:  Embracing  Information  on  the  Tools,  Appliances 
and  Processes  Employed  in  Wood  Turning.  By  Paul  N.  Hasluck.  With 
upwards  of  One  Hundred  Illustrations.  Crown  8vo,  2S.  cloth. 
"We  recommend  the  book  to  young  turners  and  amateurs.  A  multitude  of  workmen  have 
hitherto  sought  in  vain  for  a  manual  of  this  special  \ad\iStTy."— Mechanical  I'/orld. 

Watch  Repairing. 

THE  WATCH  JOBBER'S  HANDYBOOK.  A  Practical  Manual 
on  Cleaning,  Repairing  and  Adjusting.  Embracing  Information  on  the  Tools, 
Materials,  Appliances  and  Processes  Employed  in  Watchwork.  By  Paul  N. 
Hasluck.  With  upwards  of  One  Hundred  Illustrations.  Cr.  8vo,  2S.  cloth. 
*'  All  young  persons  connected  with  the  trade  should  acquire  and  study  this  excellent,  and  at 
the  same  time,  inexpensive  work." — CUrken~wcll  Chronicle. 

Pattern  Making, 

THE  PATTERN  MAKER'S  HANDYBOOK.  A  Practical 
Manual,  embracing  Information  on  the  Tools,  Materials  and  Appliances  em- 
ployed in  Constructing  Patterns  for  Founders.  By  Paul  N.  Hasluck. 
With  One  Hundred  Illustrations.    Crown  8vo,  2s.  cloth. 

"  We  commend  it  to  all  who  are  interested  in  the  counsels  it  so  ably  gives."— Collierji  Guardian. 

"This  handy  volume  contains  sound  information  of  considerable  value  to  students  and 
artificers."— /fflz-rfwar*  Trades  yourttal. 

Mechanical  Manipulation. 

THE  ME  CHA  NICS  WORKSHOP  HA  ND  YBOOK.  A  Practical 
Manual  on  Mechanical  Manipulation.  Embracing  Information  on  various 
Handicraft  Processes,  with  Useful  Notes  and  Miscellaneous  Memoranda. 
By  Paul  N.  Hasluck.    Crown  Svo,  2s.  cloth. 

"  It  is  a  book  which  should  be  found  in  every  workshop,  as  it  is  one  which  will  be  continually 
referred  to  for  a  very  great  amount  of  standard  mfonivsAxow." —Salit rday  Review. 

Model  Engineering, 

THE  MODEL  ENGINEER'S  HANDYBOOK :  A  Practical 
Manual  on  Model  Steam  Engines.  Embracing  Information  on  the  Tools. 
Materials  and  Processes  Employed  in  their  Construction.  By  Paul  N. 
Hasluck.  With  upwards  of  loo  Illustrations.  Crown  Svo,  2S.  cloth. 
"  Mr.  Hasluck's  latest  volume  is  of  greater  importance  than  would  at  first  apjiear  ;  and  indeed 
lie  has  produced  a  very  good  little  hoo^"— Builder. 

"  By  carefully  going  through  the  work,  amateurs  may  pick  up  an  excellent  notion  of  the  con- 
struction of  full-sized  steam  engines." — Telegraphic  yournal. 

Clock  Repairing. 

THE  CLOCK  JOBBER'S  HANDYBOOK :  A  Practical  Manual 
on  Cleaning,  Repairing  and  A  djtisiivg.  Embracing  Information  on  the  Tools, 
Materials,  Appliances  and  Processes  Employed  in  Clockwork.  By  Paul  N. 
Hasluck.  With  upwards  of  ioo  Illustrations.   Cr.  Svo.  2s.  cloth.     [Just  ready. 
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Mectrolysis  of  Gold,  Silver,  Copper,  etc. 

ELECTRO-DEPOSITION  :  A  Practical  Treatise  on  the  Electrolysis 
of  Gold,  Silver,  Copper,  Nickel,  and  other  Metals  and  A  Hoys.  With  descrip- 
tions of  Voltaic  Batteries,  Magneto  and  Dynamo-Electric  Machines,  Ther- 
mopiles, and  oi  the  Materials  and  Processes  used  in  every  Department  of 
the  Art,  and  several  Chapters  on  Electro-Metallurgy.  By  Alexander 
Watt,  Author  of  "  Electro-Metallurgy,"  &c.  With  numerous  Illustrations. 
Third  Edition,  Revised  and  Enlarged.  Crown  8vo,  9s.  cloth. 
Eminently  a  book  for  the  practical  worker  in  electro-deposition.  It  contains  minute  and 
practical  descriptions  of  methods,  processes  and  materials  as  actually  pursued  and  used  in  the 
workshop.    Mr.  Watt's  book  recommends  itself  to  all  interested  in  its  subjects."— ^w^iwe^r. 

Electro-Metallurgy, 

ELECTRO-MET  A  LL  URG  Y ;  Practically  Treated.  By  Alexander 
Watt,  Author  of  "  Electro  Deposition,"  &c.  Ninth  Edition,  including  the 
most  recent  Processes.  i2mo,  4s.  cloth  boards. 

"From  this  book  both  amateur  and  artisan  may  learn  everythingf  necessary  for  the  successful 
prosecution  of  electroplating." — Iron, 

Electroplating, 

ELECTROPLATING :  A  Practical  Handbook  on  the  Deposi- 
tion of  Copper,  Silver,  Nickel,  Gold,  Aluminium,  Brass,  Platinum,  &c.  &c. 
With  Descriptions  of  the  Chemicals,  Materials,  Batteries  and  Dynamo 
Machines  used  in  the  Art.  By  J.  W.  Urquhart,  C.E.,  Author  of  "  Electric 
X^ight,''  &c.  Second  Edition,  Revised,  with  Additions.  Numerous  Illustra- 
tions.    Crown  8vo,  5s.  cloth. 

••  An  excellent  practical  manual." — Enghieering, 

•■  This  book  will  show  any  person  how  to  become  an  expert  in  electro-deposition."— 5z<z7rftf>-. 

••  An  excellent  work,  giving  the  newest  mforma.tion,"—JIoroiogtcal  Jotirttal. 

Electrotyping. 

ELECTROTYPING  :  The  Reproduction  and  Multiplication  of  Print 
ing  Surfaces  and  Works  of  Art  by  the  Electro-deposition  of  Metals.    By  J.  W 
Urquhart,  C.E.    Crown  8vo,  5s.  cloth. 
"  The  book  is  thoroughly  practical.    The  reader  is,  therefore,  conducted  through  the  leading 

aws  of  electricity,  then  through  the  metals  used  by  electrotypers,  the  apparatus,  and  the  depositing 

processes,  up  to  the  final  preparation  of  the  v/otk."—Art  yournai. 

Goldsmiths'  Work, 

THE  GOLDSMITH'S  HANDBOOK.     By  George  E.  Gee, 
Jeweller,  &c.    Third  Edition,  considerably  Enlarged,    izmo,  3s.  6d.  cloth. 
"A  good,  sound,  technical  educator,  and  will  be  generally  accepted  as  an  authority.."— //i»ra- 
logical  yournal. 

"A  standard  book  which  few  will  care  to  be  without."— ytfwe//<r  and  Metalworker, 

Silversmiths'  Work, 

THE  SILVERSMITH'S  HANDBOOK.     By  George  E.  Gee, 
Jeweller,  &c.  Second  Edition,  Revised,  with  Illustrations,  izmo,  3s.  6d.  cloth. 
"  The  chief  merit  of  the  work  is  its  practical  character.    .    .    .     The  workers  in  the  trade  will 
speedily  discover  its  merits  when  they  sit  down  to  study  it."— English  Mechanic. 

*-i*  The  above  two  works  together,  strongly  half-bound,  price  ys. 

Bread  and  JBiscuit  Baking. 

THE  BREAD  AND  BISCUIT  BAKER'S  AND  SUGAR- 
BOILER'S  ASSISTANT.  Including  a  large  variety  of  Modern  Recipes. 
With  Remarks  on  the  Art  of  Bread-making.  By  Robert  Wells,  Practical 
Baker,    Crown  8vo,  2s.  cloth.  [Ju^t  published. 

'A  large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  haket."— Saturday  Review. 
"A  book  of  instruction  for  learners  and  for  daily  reference  in  the  bakehouse."— 5a/4er'.f  Times. 

Confectionery, 

THE  PASTRYCOOK  AND  CONFECTIONER'S  GUIDE. 
For  Hotels,  Restaurants  and  the  Trade  in  general,  adapted  also  for  Family 
Use.  By  Robert  Wells,  Author  of  "  The  Bread  and  Biscuit  Baker's  and 
Sugar  Boiler's  Assistant."     Crown  8vo,  2s.  cloth.  [Just  published. 

"  We  cannot  speak  too  highly  of  this  really  excellent  work.    In  these  days  of  keen  competition 
our  readers  cannot  do  better  than  purchase  this  book." — Bauer's  Times. 

"  Will  be  found  as  serviceable  by  private  families  as  by  restaurant  c/ie/s  and  victuallers  ia 
general." — Miller. 

Laundry  Work. 

A  HANDBOOK  OF  LAUNDRY  MANAGEMENT.  For  Use 
in  Steam  and  Hand-Power  Laundries  and  Private  Houses.  By  the  Editor 
of  The  Laundry  Journal.    Crown  8vo,  2s,  6d.  cloth.  [Just  published, 
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Horology. 

A  TREATISE  ON  MODERN  HOROLOGY,  in  Theory  and  Prac 
tice.  Translated  from  the  French  of  Claudius  Saumer,  ex-Director  of  the 
School  ot  Horology  at  Macon,  by  Julien  Tkifplin,  F.R.A.S.,  Besancon, 
Watch  Mauutactuier,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint. 
With  Seventy-eight  Woodcuts  and  Twenty-two  Coloured  Copper  Plates. 
Second  Edition.  Super-royal  8vo.  £2  2S.  cloth  ;  £2  los.  half-calf. 
*'  There  is  no  horological  work  in  the  English  language  at  all  to  be  compared  to  this  produc- 
tion of  M.  Saunier's  lor  clearness  and  completeness.  It  is  alike  good  as  a  guide  lor  the  stucient  and 
as  a  re  erence  lor  the  experienced  horologist  and  skilled  y.'orknydn.'—yjoroloirical  Journal. 

"  The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which 
continental  watchmakers  are  indebted  lor  tlie  mechanical  superiority  over  their  English  brethren 
—intact,  the  Book  of  Books,  is  M.  Saunier's  'Ttca.tise."'—lVaechmaAer,  Jeweller anti Silversmith. 

Watchmaking, 

THE  WA  TCHMA  KER  'S  HA  NDBOOK.  Translated  from  the 
French  of  Claudius  Saunier,  and  considerably  Enlarged  by  Julien  Tripp- 
LIN,  F.R.A.S.,  Vice-President  of  the  Horological  Institute,  and  Edward  Rigg, 
M.A.,  Assayer  in  the  Royal  Mint.  With  Numerous  Woodcuts  and  Fourteen 
Copper  Plates.  Second  Edition,  Revised. With  Appendix.  Cr.  8vo,  9s.  cloth. 
"  Each  part  is  truly  a  treatise  in  itself.  The  arrangement  is  good  and  the  language  is  clear  and 
concise.    It  is  an  admirable  guide  for  the  young  watcmuaker."— i;«^i««rt«^. 

"  It  is  impossible  to  speak  too  highly  of  its  excellence.  It  fulfils  every  requirement  in  a  hand- 
book intended  for  the  use  of  a  worluuan.  Should  be  fomid  in  every  workshop."— Wa/cA  and 
Clocktnaker. 


CHEMICAL  MANUFACTURES  &  COMMERCE. 

Alkali  Trade,  Manufacture  of  Sulphuric  Acid,  etc, 

A  MANUAL  OF  THE  ALKALI  TRADE,  including  the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching  Powder. 
By  John  Lomas,  Alkali  Manufacturer,  Newcastle-upon-Tyne  and  Loudon. 
Witn  232  Illustrations  and  Working  Drawings,  and  containing  390  pages  of 
Text.  Second  Edition,  with  Additions.  Super-royal  8vo,  £1  los.  cloth. 
■'This  book  is  written  by  a  maiiufacturer  for  manufacturers.    The  working  details  of  the  most 


approved  forms  of  apparatus  are  given,  and  these  are  accompanied  by  no  less  than  23a  wood  en- 
gravings, all  of  which  may  be  used  for  the  purposes  of  construction.    Every  step  in  the  man 
tur«  is  very  fully  described  in  this  manual,  and  each  improvement  explained.'  —  Atkenerum. 


We  find  here  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of  the 
trade,  but  a  notice  of  numerous  matters  which  have  a  most  important  bearing  on  the  successfu 
conduct  ol  alkali  works,  but  which  are  generally  overlooked  by  even  experienced  tethnologica 
authors.* — Chetnicat  Kevicw. 

Brewing, 

A    HANDBOOK  FOR    YOUNG  BREWERS.      By  Herbert 

Edwards  Wright,  B.A.     Crown  8vo,  3s.  6d.  cloth. 

"  This  little  volume,  containing  such  a  large  amount  of  good  sense  In  so  small  a  compass,  ough 
to  recommend  itself  to  every  brewery  pupil,  and  many  who  have  passed  that  stage."— Brewers 

GuarriiaH. 

"  The  book  is  very  clearly  written,  and  the  author  has  successfully  brought  his  scientific  know 
ledge  to  bear  upon  the  various  processes  and  details  of  brewing."— i?r*7</?r. 

Commercial  Chemical  Analysis, 

THE  COMMERCIAL  HANDBOOK  OF  CHEMICAL  ANA- 
LYSIS; or,  Practical  Instructions  lor  the  determination  of  the  Intrinsic  or 
Commercial  Value  of  Substances  used  in  Manufactures,  in  Trades,  and  in  the 
Ari8.  By  A.  Normandy,  Editor  of  Rose's  "Treatise  on  Chemical  Analysis," 
New  Edition,  to  a  great  extent  Re-written  by  Henry  M.  Noad,  Ph.D., 
F.R.S.    With  numerous  Illustrations.     Crown  8vo,  12s.  6d.  cloth. 

We  strongly  recommend  this  book  to  our  readers  as  a  guide,  alike  indispensable  to  the  house- 

s  to  the  pharmaceutical  practitioner." — Medical  Times. 

Essentia!  to  the  analysts  appointed  under  the  new  Act.  The  most  recent  results  are  given, 
edai  " 


wife  as  to  the  pharmaceutical  practitioner." — Medical  Times, 

' '  Essentia!  to  the  analysts  appointed  under  the  new  Ai 

and  the  work  is  well  edited  and  carefully  written." — Nature, 

Explosives, 

A    HANDBOOK    OF    MODERN    EXPLOSIVES.      Being 
Practical  Treatise  on  the  Manufacture  and  Application  of  Dynamite,  Gun 
Cotton,  Nitro-Glycerine,  and  other  Explosive  Compounds.    By  M.  Eissler, 
Mining  Engineer  ,  Author  of  "  The  Metallurgy  of  Gold,"  "  The  Metallurgy 
of  Silver,'' &c.    With  about  loclllustrations.    Crown  Svo.         [In  the  press. 
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Dye'Wares  and  Colours, 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES  :  Their 
Properties,  Applications,  Valuation,  Impurities,  and  Sophistication!,.    For  the 
use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.    By  J.  W.  Slater.    Second 
Edition,  Revised  and  graatly  Enlarged.    Crown  8vo,  ys.  6d.  cloth. 
"A  complete  encyclopaedia  of  the  materia  tinetoria.    The  information  gfiven  respecting  each 

article  is  full  and  precise,  and  the  methods  of  determining  the  value  of  articles  such  a>  the  e,  ->o 

liable  to  sophistication,  are  given  with  clearness,  and  are  practical  as  well  as  valuable." — Cketnisi 

and  Dfufeiyt. 

"  There  is  no  other  work  which  covers  precisely  the  same  ground.    To  students  preparing^ 

for  examinations  in  dyeing  and  printing  it  will  prove  exceedingly  useful."— Chetntca/  A'ews. 

THE  ARTIST'S  MANUAL  OF  PIGMENTS.  Showing 
their  Composition,  Conditions  of  Permanency.  Non- Permanency,  and  Adul- 
terations; Effects  in  Combination  with  Each'Other  and  with  Vehicles  .  and 
the  most  Reliable  Tests  of  Purity.  Together  with  the  .<=;cierice  and  \rts 
Department's  Examination  Questions  on  Painting.  By  H.  C.  Standage. 
Second  Edition,  Revised.     Small  crown  8vo,  2s.  6^.  cloth. 

"  This  work  is  indeed  multunt-in-parvo.  and  we  can.  with  good  conscience,  recommend  it  to 
all  who  come  in  contact  with  pignnents,  whether  as  makers,  dealers  or  users."— CA^wtra'  Review. 
"This  manual  cannot  fail  to  be  a  very  valuable  aid  to  all  painters  who  wish  their  work  to 
endure  and  be  of  a  sound  character  ;  it  is  complete  and  comprehensive." — Spectator. 

"The  author  supplies  a  great  deal  of  very  valuable  information  and  memoranda  as  to  the 
chemical  qualities  and  artistic  effect  of  the  principal  pigments  used  by  painters."— ^wrWifr. 

Gxmging,    Tables  and  Mules  for  Hevenue  Officers, 

Brewers,  etc. 

A  POCKET  BOOK  OF  MENSURATION  AND  GAUGING  : 
Containing  Tables,  Rules  and  Memoranda  for  Revenue  Ofificers,  Brewers. 
Spirit  Merchants,  &c.  By  J.  B.  Manx  (Inland  Revenue).  Oblong  i8mo,  4s. 
leather,  with  elastic  band. 

"  This  handy  and  useful  book  is  adapted  to  the  requirements  of  the  Inland  Revenue  Depart- 
ment, and  will  be  a  favourite  book  of  reference.  The  range  of  subjects  is  comprehensive,  and  the 
arrangement  simple  and  dear."— Civilian. 

"A  most  useful  book.  It  should  be  in  the  hands  of  every  practical  biev,-er  "—Brewers' 
yonrnal. 

AGRICULTURE,  FARMING,  GARDENING,  etc. 

Agricultural  Facts  anil  Figures, 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  AND  FIGURES 
FOR  FARMERS  AND  FARM  STUDENTS.  By  Primrose  McConnell, 
Fellow  of  the  Highland  and  Agricultural  Society ;  late  Professor  of  Agricul- 
tiire,  Glasgow  Veterinary  College,  Third  Edition.  Royal  32mo,  full  roan, 
gilt  edges,  with  elastic  band,  4s. 
"  The  most  complete  and  comprehensive  Note-book  for  Farmers  and  Farm  Students  that  we 

have  seen.    It  literally  teems  with  mformation,  and  we  can  cordially  recommend  it  to  all  connected 

with  agrcuilture."— A^£»-^A  British  AgriaiUurist. 

Youatt  and  Burn's  Complete  Grazier, 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbandry;  especially  iu 
the  departments  connected  with  the  Breeding,  Rearing,  Feeding,  and  General 
Management  of  Stock ;  the  Management  of  the  Dairy,  &c.  With  Directions 
for  the  Culture  and  Management  of  Grass  Land,  of  Grain  and  Root  Crons, 
the  Arrangement  of  Farm  Offices,  the  use  of  Implements  and  Machines,  and 
on  Draining,  Irrigation  Warping.  &c. ;  and  the  Aoplication  and  Relative 
Value  of  Manures.  By  William  Youatt,  Esq..  VS.  Tw«l'th  Rdition,  En- 
larged by  Robert  Scott  Burn,  Author  of  "Outlines  o*  Modern  Farming," 
"  Systematic  ->mall  Farming."  &c.  One  large  8vo  volume.  860  pp.,  with  244 
lUnstrations  £i  is.  half-bonnd. 
"  The  standard  and  text-book  with  the  fanner  and  grazier." — Farmer's  Mai^azint, 
"  A  treatise  which  will  remain  a  standard  work  on  the  subject  as  long  as  British  agriculture 
endures." — Mark  Lane  Express  (First  Notice). 

"  The  book  deals  with  all  departments  of  agriculture,  and  contains  an  immense  amount  of 
valuable  information.  It  is,  in  fact,  an  encycloppedia  of  agriculture  put  into  readable  form,  and  it 
is  the  only  work  equally  comprehensive  brought  down  to  present  date.  It  Is  excellently  printed  on 
thick  paper,  and  strongly  bound,  and  deserves  a  place  in  the  library  of  every  agriculturist."— A/ar/t 
Lane  Rxiiresi  (Second  Notice). 

"This  esteemed  work  is  well  worthy  of  a  place  in  the  libraries  of  agriculturists."— AVn'/« 
British  AgrintHttrist, 
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Flour  Manufacture,  Milling^  etc, 

FLOUR  MANUFACTURE:  A  Treatise  on   Milling   Science 
and  Practice.    By  Friedrich  Kick,  Imperial  Regierungsrath,  Professor  of 
Mechanical    Technology  in    the  Imperial  German  Polytechnic    Institute, 
Prague.    Translated  from  the  Second  Enlarged  and  Revised  Edition  with 
Supplement,     By  H.  H.  P.  Powi.es,  A.M. I.C.E.     Nearly  400  pp.     Illustrated 
with  28  Folding  Plates,  and  167  Woodcuts.    Royal  8vo,  25s.  cloth. 
"  This  valuable  work  is,  and  will  remain,  the  standard  authority  on  the  science  of  milling.    .     . 
The  miller  v.ho  has  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  speak,  of  a  suc- 
cessful career  ;  he  will  have  acquired  a  number  of  general  principles  which  he  can  proceed  to 
apply.     In  this  handsome  volume  we  at  last  have  the  accepted  text-book  of  modern  milling  in  good 
sound  English,  which  hasHttle,  if  any,  trace  of  the  German  \(\\om."—The  MiUer. 

"  The  appearance  of  this  celebrated  work  in  English  is  very  opportune,  and  British  millers 
will,  we  are  sure,  not  be  slow  in  availing  themselves  of  its  pages."— Mi/Urs'  Gazette. 

SmaU  Farming, 

SYSTEMATIC   SMALL   FARMING;    or,  The  Lessons  of  my 

Farm.    Being  an  Introduction  to  Modern  Farm  Practice  for  Small  Farmers. 

By  Robert  Scott  Burn,  Author  of  "  Outlines  of  Modern  Farming."    With 

numerous  Illustrations,  crown  8vo,  6s.  cloth. 

"This  is  the  completest  book  of  its  class  we  have  seen,  and  one  which  every  amateur  farmer 
will  read  with  pleasure  and  accept  as  a  guide." — Field. 

"The  volume  contains  a  vast  amount  of  useful  Information.  No  branch  of  farming  is  left 
untouched,  from  the  labour  to  be  done  to  the  results  achieved.  It  may  be  safely  recommended  to 
nil  who  think  they  will  be  in  paradise  when  they  buy  or  rent  a  three-acre  i?ccvc\."— Glasgow  Herald. 

Modem  Farming, 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Soils,  Manures,  and  Crops— Farming  and  Farming  Economy— Cattle,  Sheep, 
and  Horses  —  Management  of  Dairy,  Pigs  and  Poultry  —  Utilisation  of 
Town-Sewage,  Irrigation,  &c.  Sixth  Edition.  In  One  Vol.,  1,250  pp.,  half- 
bound,  profusely  Illustrated,  12s. 

'The  aim  of  the  author  has  been  to  make  his  work  at  once  comprehensive  and  trustworthy, 
anvl  in  this  aim  he  has  succeeded  to  a  degree  which  entitles  him  to  much  credit."— Mor^wif^ 
Advertiser.        "  No  farmer  should  be  without  this  book."— Z>'a«^j<ry  Giiardian. 

Agricultural  Engineering , 

FARM  ENGINEERING,  THE  COMPLETE  TEXT-BOOK  OF. 

Comprising  Draining  and  Embanking ;  Irrigation  and  Water  Supply ;  Farm 
Roads,  Fences,  and  Gates ;  Farm  Buildings,  their  Arrangement  and  Con- 
struction, with  Plans  and  Estimates;  Barn  Implements  and  Machines  ;  Field 
Implements  and  Machines;  Agricultural  Surveying,  Levelling.  &c.  By  Prof. 
John  Scott,  Professor  of  Agriculture  at  the  Royal  Agricultural  College, 
Cirencester,  &c.  In  One  Vol.,  1,150  pages,  half-bound,  600  Illustrations,  12s. 
"Written  with  great  care,  as  well  as  with  knowledge  and  ability.    The  author  has  done  his 

work  well ;  we  have  found  him  a  very  trustworthy  guide  wherever  we  have  tested  his  statements. 

The  volume  will  be  of  great  value  to  agricultural  students." — Mark  Lane  Express. 

"For  a  young  agriculturist  we  know  of  no  handy  volume  so  likely  to  be  more  usefully  studied. 

—Bell's  Weekly  Messenger. 

English  Agriculture, 

THE    FIELDS  OF  GREAT   BRITAIN  :    A  Text-Book    of 

Agriculture,  adapted  to  the  Syllabus  of  the  Science  and  Art  Department. 
For  Elementary  and  Advanced  Students.  By  Hugh  Clements  (Board  of 
Trade).    Second  Edition,  Revised  and  Enlarged.    i8mo,  2S.  6d.  cloth. 

"A  most  comprehensive  volume,  giving  a  mass  of  information."— AgriatltJtral  Ecanomisi. 

"  It  is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more,  or  which  contains 
such  a  vast  and  useful  fund  of  knowiedge."— Educational  Times. 

New  Focket  Book  for  Farmers, 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS 
for  Farmers,  Graziers,  Agricultural  Students,  Surveyors,  Land  Agents  Auc- 
tioneers, etc.      With  a  New  System  of  Farm  Book-keeping.     Selected  and 
Arranged  by  Sidney  Francis.    Second  Edition,  Revised.    272  pp.,  waist- 
coat-pocket size,  IS.  6d.,  limp  leather.  [Just  published. 
"  Weighing  less  than  i  oz.,  and  occupying  no  more  space  than  a  match  box,  it  contains  a  mass 
of  facts  and  calculations  which  has  never  before,  in  such  handy  form,  been  obtainable.     Every 
operation  on  the  farm  is  dealt  with.    The  work  may  be  taken  as  thoroughly  accurate,  having  been 
revised  by  Dr.  Fream.     We  cordially  recommend  it."— Bell's  tVeekly  Messenger. 

"  A  marvellous  little  book.  .  .  .  The  agriculturist  who  possesses  himself  of  it  will  not  be 
disappointed  with  his  investment."— TX**  Farm. 
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Farm  and  JEstate  Book-keeping, 

BOOK-KEEPING  FOR  FARMERS  &  ESTATE  OWNERS. 
A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  to  all 
Classes  of  Farms.  By  Johnson  M.  Woodman,  Chartered  Accountant,  Second 
Edition,  Revised.  Crown  8vo,  3s.  6d.  cloth  boards  ;  or  2S.  6d.  cloth  limp. 
"  The  Tolume  is  a  capital  study  of  a  most  hnportant  s\xhisct."— Agricultural  Gazette. 
"  Will  be  found  of  great  assistance  by  those  who  intend  to  commence  a  system  of  book-keep- 
irg,  the  author's  examples  beingf  clear  and  explicit,  and  his  explanations,  while  full  and  accurate, 
being  to  a  large  extent  free  from  technicalities."— iLtz/s  Stock  Journal. 

Farm  Account  Book, 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK.  Giving 
a  Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and  Expen- 
diture under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.  &c.  With 
Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  end  of  the 
Year,  and  an  Appendix  of  Forms.  Ruled  and  Headed  for  Entering  a  Com- 
plete Record  of  the  Farming  Operations.  By  Johnson  M.  Woodman, 
Chartered  Accountant,  Author  of  "  Book-keeping  for  Farmers."  Folio, 
ys.  6d.  half  bound.  [culture, 

"Contains  every  requisite    orm  for  keeping  farm  accounts  readily  and  accurately."— .<4£-rt- 

Early  Fruits^  Floivers  and  Vegetables, 

THE  FORCING  GARDEN ;  or,  How  to  Grow  Early  Fruits, 

Flowers,  and  Vegetables.  With  Plans  and  Estimates  for  Building  Glass- 
'  houses.  Pits  and  Frames.  Containing  also  Original  Plans  for  Double  Glazing, 
a  New  Method  of  Growing  the  Gooseberry  under  Glass,  &c.  &c.,  and  on  Venti- 
lation, &c.    With  Illustrations.    By  Samuel  Wood.   Crown  8vo,  3s.  6rf.  cloth. 

"  A  good  book,  and  fairly  fills  a  place  that  was  in  some  degree  vacant.  The  book  is  written  with 
;!eat  care,  and  contains  a  great  deal  of  valuable  teaching." — Gardeners'  Afao-azine. 

"  Mr.  Wood's  book  is  an  original  and  exhaustive  answer  to  the  question  'How  to  Grow  Early 
Fruits,  Flowers  and  Vegetables? '  "—Land and  Water. 

Good  Gardening, 

A  PLAIN  GUIDE  TO  GOOD  GARDENING  ;  or,  How  to  Grow 

Vegetables,  Fruits,  and  Flowers.    With  Practical  Notes  on  Soils,  Manures, 

Seeds,  Planting,  Laying-out  of  Gardens  and  Grounds,  &c.    By  S.  Wood. 

Third  Edition,  with  considerable  Additions,  &c.,  and  numerous  Illustrations. 

Crown  8vo,  5s.  cloth, 

"A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide.  The  practical 
directions  are  &xce\\Qnt."—Athenaum. 

"  May  be  recommended  to  young  gardeners,  cottagers  and  eimateurs,  for  the  plain  and  trust 
worthy  information  it  gfives  on  common  matters  too  often  neglected." — Gardeners'  Chronicle. 

Gainful  Gardening, 

MULTUM-IN-PARVO  GARDENING;  or,  How  to  make  One 
Acre  of  Land  produce  £620  a-year  by  the  Cultivation  of  Fruits  and  Vegetables ; 
also.  How  to  Grow  Flowers  in  Three  Glass  Houses,  so  as  to  realise  £176  per 
annum  clear  Profit,  By  Samuel  Wood,  Author  of  "Good  Gardening,"  &c. 
Fourth  and  cheaper  Edition,  Revised,  with  Additions.  Crown  8vo,  is.  sewed. 
"We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gentleman's 
gardener,  but  to  the  market  grower."— Gardeners'  Magazine. 

Gardening  for  Ladies, 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN, 

:ind  Amateurs'  Complete  Guide.     By  S,  Wood.     Crown  8vo,  3s,  6d.  cloth. 
"  This  volume  contains  a  good  deal  of  sound,  common  sense  instruction." — Florist. 
"  Full  of  shrewd  hints  and  useful  instructions,  based  on  a  lifetime  of  expetieacc."—Scotsman, 

Receipts  for  Gardeners, 

GARDEN  RECEIPTS.     Edited  by  Charles  W.  Quin.     i2mo 
IS.  6d.  cloth  limp, 
"A  useful  and  handy  book,  containing  a  good  deal  of  valuable  informa.tion,"— A  t/tenaum. 

Market  Gardening, 

MARKET  AND  KITCHEN  GARDENING.  By  Contributors 
to  "The  Garden."  Compiled  by  C,  W.  Shaw,  late  Editor  of  "Gardening 
Illustrated."     i2mo,  3s.  6(i.  cloth  boards.  [just  published. 

Tke  most  valuable  compendium  of  kitchen  and  market-garden  work  puhiished."— Farmer. 

Cottage  Gardenitig, 

COTTAGE  GARDENING ;  or.  Flowers,  Fruits,  and  Vegetables  or 
Small  Gardens.    By  E,  Hobday.    i2mo,  is.  6d.  cloth  limp. 
"Contains  much  useful  information  at  a  small  charge."— G/aj^ow  Herald. 
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Hudson's  Land  Valuer's  JPocket-Book, 

THE  LAND  VALUER'S  BEST  ASSISTANT:  Being  Tables 
on  a  very  much  Improved  Plan,  for  Calculating  the  Value  of  Estates.  With 
Tables  ior  reducing  Scotch,  Irish,  and  Provincial  Customary  Acres  to  Statute 
Measure,  &c.  By  R.  Hudson,  C.E.  New  Edition.  Royal  32mo,  leather, 
elastic  band,  4s. 

"This  new  edition  includes  tables  or  ascertaining^  the  value  of  leases  for  any  term  of  years; 
and  for  showing  how  to  lay  out  plots  of  ground  of  certain  acres  in  forms,  square,  round,  &c.,  with 
valuable  rules  for  ascertaining  the  probable  worth  of  standing  timber  to  any  amount ;  and  is  of 
'ncalculable  value  to  the  country  gentleman  and  professional  man." — Farmers  yournal. 

Ewart's  Land  Improver's  Pocket-Book, 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FORMULAE, 
TABLES  and  MEMORANDA  required  in  any  Computation  relating  to  the 
Permanent  Improvement  of  Landed  Property.  By  John  Ewart,  Land  Surveyor 
and  Agricultural  Engineer.  Second  Edition,  Revised.  Royal  32mo,  oblong, 
leather,  gilt  edges,  with  elastic  band,  4s. 
"  A  compendious  and  handy  little  volume." — Spectator. 

Complete  Agricultural  Surveyor's  JPocket~Book, 

THE  LAND  VALUER'S  AND  LAND  IMPROVER* S  COM- 
PLETE POCKET-BOOK.  Consisting  of  the  above  Two  Works  bound  to- 
gether.   Leather,  gilt  edges,  with  strap,  7s.  6d. 

"  Hudson's  book  is  the  best  ready-reckoner  on  matters  relating  to  the  valuation  of  land  and 
crops,  and  its  combination  with  Mr.  Ewart 's  work  greatly  enhances  the  value  and  usefulness  of  the 
latter-mentioned.  ...  It  is  most  useful  as  a  manual  for  reference."— A^or/A  df  Engla^id  Farmer. 


Auctioneer's  Assistant. 

THE  APPRAISER,  A  UCTIONEER,  BROKER,  HOUSE  AND 
ESTATE  AGENT  AND  VALUER'S  POCKET  ASSISTANT,  for  the  Valua- 
tion for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities  and  Reversions,  and 
of  property  generally;  with  Prices  for  Inventories,  &c.  By  John  Wheeler, 
Valuer,  &c.  Fifth  Edition,  re-written  and  greatly  extended  by  C.  Norris, 
Surveyor,  Valuer,  &c.     Royal  32mo,  5s.  cloth. 

"  A  noat  and  concise  book  of  reference,  containing  an  admirable  and  clearly-arranged  list  of 

prices  for  inventories,  and  a  very  practical  guide  to  determine  the  value  of  furniture, &c."—5/aMrfarrf. 

"  Contains  a  large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  purchase, 

sale,  or  renewal  of  leaises,  annuities  and  reversions,  and  of  property  generally,  with  prices  for 

inventories,  and  a  guide  to  determine  the  value  of  interior  fittings  and  other  oSects."— Builder. 

Auctioneering, 

AUCTIONEERS :    Their  Duties   and   Liabilities.     By  Robert 

Squibbs,  Auctioneer.    Demy  8vo,  los.  6d.  cloth. 

"The  position  and  duties  of  auctioneers  treated  compendiously  and  dea.rly."—Build*r. 
"Every  auctioneer  ought  to  possess  a  copy  of  this  excellent  viotV."— Ironmonger. 
"  Of  great  value  to  the  profession.    .    .    .    We  readily  welcoma  this  book  from  the  fact  that  It 
treats  the  subject  in  a  manner  somewhat  new  to  the  profession."— jEj^a^M  Gazette. 

Legal  Guide  for  Pawnbrokers, 

THE  PAWNBROKERS',  FACTORS'  AND  MERCHANTS' 
GUIDE  TO  THE  LAW  OF  LOANS  AND  PLEDGES.  With  the 
Statutes  and  a  Dif/est  of  Cases  on  Rights  and  Liabilities.  Civil  and  Criminal, 
as  to  Loans  and  Pledges  of  Goods,  Debentures,  Mercantile  and  other  Se- 
curities. By  H.  C.  FoLKARD,  Esq.,  Barrister-at  Law,  Author  of  "The  Law 
of  Slander  and  Libel,"  &c.  With  Additions  and  Corrections.  Fcap.  8vo, 
3s.  6d.  cloth. 

'*  This  work  contains  simply  everything  that  requires  to  be  known  concerning  the  department 
of  the  law  of  which  it  treats.  We  can  safely  commend  the  Ix>o1l  as  unique  and  very  nearly  perfect." 
—Iron. 

"  The  task  undertaken  by  Mr.  Folkard  has  been  very  satisfactorily  performed.  .  .  .  Such  ex- 
planations as  are  needful  have  been  supplied  with  great  clearness  and  with  due  regard  to  brevity. 
City  Press. 
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Mow  to  Invest. 

HINTS  FOR  INVESTORS  :  Being  an  Explanation  of  the  Mode 
of  Transacting  Business  on  the  Stock  bxchange.  To  which  are  added  Com- 
ments on  the  Fluctu  itioiiS  and  Table  of  Quarterly  Average  prices  of  Consols 
since  1759  Al^o  a  Copy  of  the  London  Daily  Stock  and  Share  List.  By 
Walter  M.  Plavford,  Sworn  Broker.  Crown  8vo,  zs.  cloth. 
"An  invaluable  jjuide  to  investors  and  speculators."— /^uMonist 

Metropolitan  Hating  Appeals, 

REPORTS  OF  APPEALS  HEARD  BEFORE  THE  COURT 
OF  GENERAL  ASSESSMENT  SESSIONS,  from  the  Year  1871  to  1885. 
By  Edward  Ryde  and  Arthur  Lyon  Ryde.  Fourth  Edition,  brought  down 
to  the  Present  Date,  with  an  Introduction  to  the  Valuation  (Metropolis)  Act, 
1869,  and  an  Appendix  by  Walter  C.  Ryde,  of  the  Inner  Temple,  Barrister- 
at-Law.     8vo,  i6s.  cloth. 

"  A  useful  work,  occupying  a  place  mid-way  between  a  handbook  for  a  lawyer  and  a  guide  to 
the  surveyor.  It  is  compiled  by  a  gentleman  eminent  in  his  profession  as  a  land  agent,  whose  spe- 
cialty, it  is  acknowledged,  lies  in  the  direction  of  assessing  property  for  rating  purposes."— Z,««rf 
Agents''  Record. 

House  Property, 

HANDBOOK  OF  HOUSE  PROPERTY.  A  Popular  and  Practical 
Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory  Sale  0/  Houses  and 
Land,  including  the  Law  of  Dilapidations  and  Fixtures ;  with  Examples  of 
all  kinds  of  Valuations,  Useful  Information  on  Buildings,  and  Suggestive 
Elucidations  of  Fine  Art.  By  E.  L.  Tarbuck,  Architect  and  Surveyor. 
Fourth  Edition,  Enlarged.     i2mo,  5s.  cloth. 

'*  The  advice  is  thoroughly  practical."— /.aw  yournal. 

"  For  all  who  have  dealings  with  house  property,  this  is  an  indispensable  gaide."— Decoration. 

"Carefully  brought  up  to  date,  and  much  improved  by  the  addition  of  a  division  on  fine  art. 

"  A  well-written  and  thoughtful  work."— Land  Agents  Record. 

Inwood's  Estate  Tables, 

TABLES  FOR  THE  PURCHASING  OF  ESTATES,  Freehold, 

Copyhold,  or  Leasehold;  Annuities,  Advowsons,  etc.,  amd  for  the  Renewing  of 
Leases  held  under  Cathedral  Churches,  Colleges,  or  other  Corporate  bodies, 
for  Terms  of  Years  certain,  and  for  Lives ;  also  for  Valuing  Reversionary 
Estates,  Deferred  Annuities,  Next  Presentations,  &c. ;  together  with  Smart's 
Five  Tables  of  Compound  Interest,  and  an  Extension  of  the  same  to  Lower 
and  Intermediate  Rates,  By  W.  Inwood.  23rd  Edition,  with  considerable 
Additions,  and  new  and  valuable  Tables  of  Logarithms  for  the  more  Difficult 
Computations  of  the  Interest  of  Money,  Discount,  Annuities,  &c. ,  by  M.  Fedor 
Thoman,  of  the  Societe  Credit  Mobilier  of  Paris,  Crown  8vo,  85.  cloth. 
"Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of  compensation 

;ases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c„  will  find  the  present  edition  of 

jminent  service. " — Engijieering. 

"  '  Inwood's  Tables '  still  mamtain  a  most  enviable  reputation.  The  new  issue  has  been  enriched 

jy  large  additional  contributions  by  M.  Fedor  Thoman,  whose  carefully  arranged  Tables  cannot 

ail  to  tse  of  the  utmost  utility."— A/i«i«^  yournal. 

Agricultural   and  Tenant-Right   Valuation, 

THE  AGRICULTURAL  AND  TENANT-RIGHT-VALUER'S 
ASSISTANT.  A  Practical  Handbook  on  Measuring  and  Estimating  the 
Contents,  Weights  and  Values  of  Agricultural  Produce  and  Timber,  the 
Values  of  Estates  and  Agricultural  Labour,  Forms  of  Tenant-Right- Valua- 
tions, Scales  of  Compensation  under  the  Agricultural  Holdings  Act,  1883, 
&c.  &c.  By  Tom  Bright,  Agricultural  Surveyor.  Crown  Svo,  3s.  6d.  cloth. 
"  FuU  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-right,  estates,  labour. 

:ontents.  and  weights  of  timber,  and  farm  produce  of  all  kinds."— Agricultural  Gazette. 

"  An  eminently  practical  handbook,  full  of  practical  tables  and  data  of  undoubted  interest  and 

^alue  to  surveyors  and  auctioneers  in  preparing  valuations  ot  all  kinds." — Farmer. 

Plantations  and  Underwoods, 

POLE  PLANTATIONS  AND  UNDERWOODS :  A  Practical 
Handbook  on  Estimating  the  Cost  of  Forming,  Renovating,  Improving  and 
Grubbing  Plantations  and  Underwoods,  their  Valuation  for  Purposes  of 
Transfer,  Rental,  Sale  or  Assessment.  By  Tom  Bright,  F.S.Sc,  Author  ot 
"The  Agricultural  and  Tenant-Right-Valuer's  Assistant,"  &c.  Crown  Svo, 
3s.  6d.  cloth.  [Just  published, 

"  Very  useful  to  those  actually  engaged  in  managing  wood."— Bell's  Weekly  Messenger. 
"  To  valuers,  foresters  and  agents  it  will  be  a  welcome  ^\d."— North  British  Agriculturist. 
"Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  undoubted  interest 
.nd  use  both  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds.  '—KentHtraM. 
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A  Complete  Epitome  of  the  Laws  of  this  Country, 

EVERY  MAN'S  OWN  LAWYER:  A  Handy-Book  of  the 
Principles  of  Law  and  Equity.  By  A  Barrister.  Twenty-sixth  Edition. 
Reconstructed,  Thoroutihly  Revised,  and  much  Enlarged.  Including  the 
Legislation  of  the  Two  Sessions  of  1888,  and  including  careful  digests  of  The 
Local  Government  Act,  1888;  County  Electors  Act,  1888;  County  Courts  Act, 
1888;  Glebe  Lands  Act,  1888;  Law  of  Libel  Amendment  Act,  1888;  Patents, 
Designs  and  Trade  Marks  Act,  1888;  Solicitors  Act,  1888;  Preferential  Pay- 
ments in  Bankruptcy  Act,  1888;  Land  Charges  Registration  and  Searches  Act, 
1888 ;  Trustee  Act,  1888,  &c.  Crown  8vo,  688  pp.,  price  65,  8rf.  (saved  at  every 
consultation ! ),  strongly  bound  in  cloth.  [}^«s^  published. 

\*  THE  BOOK  WILL  BE  FOUND  TO  COMPRISE  (AMONGST 
OTHER  MATTER)— 

The  Rights  and  Wrongs  of  iNDrviDUALS— mercantile  and  Commercial  Law 
—Partnerships,  Contracts  and  Agreements  —  Guarantees,  Principals  and 
Agents— Criminal  Law— Parish  Law— County  Court  Law— Game  and  Fishery 
Laws— Poor  Men's  Lawsuits— Laws  of  Bankruptcy— Wagers— Cheques,  Bills 
AND  Notes— Copyright— ELECTIONS  and  registration— Insurance— Libel  and 
Slander— marriage  and  Divorce— Merchant  Shipping— Mortgages— Settle- 
ments—Stock  Exchange  Practice— Trade  Marks  and  Patents— Trespass— Nui- 
sances—Transfer  OF  Land— Wills,  &c.  &c.  Also  Law  for  Landlord  and  Tenant 
—Master  and  Servant— Heirs— Devisees  and  Legatees— Husband  and  wife- 
Executors  AND  Trustees— Guardian  and  Ward— Married  Women  and  Infants 
—Lender,  Borrower  and  Sureties- Debtor  and  Creditor— Purchaser  and 
Vendor— Companies— Friendly  Societies— Clergymen— Churchwardens— Medi- 
CAL  Practitioners— Bankers— Farmers— Contractors— Stock  Brokers— Sports- 
men—Gamekeepers— Farriers— Horse  Dealers— Auctioneers— House  Agents- 
Innkeepers— Bakers— millers— pawnbrokers— Surveyors— Railways  AND  Car- 
riers—Constables—Seamen—Soldiers, &c.  &c. 

IS?"  The  following  subjects  may  be  mentioned  as  amongst  those  which  have  re- 
ceived special  attention  during  the  revision  in  question: — Marriage  ot  British  Subjects 
Abroad;  Police  Constables;  Pawnbrokers;  Intoxicating  Liquors;  Licensing; 
Domestic  Servants;  Landlord  and  Tenant;  Vendors  and  Purchasers;  Muni- 
cipal Elections  ;  Local  Elections ;  Corrupt  Practices  at  Elections  ;  Public  Health 
and  Nuisances;  Highways;  Churchwardens;  Legal  and  Illegal  Ritual;  Vestry 
Meetings ;  Rates. 

It  is  believed  that  the  extensions  and  amplifications  of  the  present  edition, 
while  intended  to  meet  the  requirements  of  tne  ordinary  Englishman,  will  also 
have  the  effect  of  rendering  the  book  useful  to  the  legal  practitioner  in  the 
country. 

One  result  of  the  reconstruction  and  revision,  with  the  extensive  additions 
thereby  necessitated,  has  been  the  enlargement  of  the  book  by  nearly  a  hundred  and 
fifty  pages,  while  the  price  remains  as  before. 

The  Publishers  feel  every  confidence,  therefore,  that  this  standard  work 
will  continue  to  be  regarded,  as  hitherto,  as  an  absolute  necessity  for  every 
Man  of  Business  as  well  as  every  Head  of  a  Family. 

%*  Opinions  of  the  Press, 

"It  is  a  complete  code  of  English  Law,  written  in  plain  language,  which  all  can  understand. 
.  .  .  Should  be  in  the  hands  of  every  business  man,  aiid  all  who  wish  to  abolish  lawyers'  bills."— 
n'eekly  Times. 

"A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care.  —Law  Afag-azttie. 

"  A  concise,  cheap  and  complete  epitome  of  the  English  law.  So  plainly  written  that  he  who 
runs  may  read,  and  he  who  reads  may  understand.' —/^t;e-a:^^. 

'•  A  dictionary  of  legal  facts  well  put  together.    The  book  is  a  very  useful  one." —Spectator. 

"  A  work  which  has  lon^  been  wanted,  which  is  thoroughly  well  done,  and  which  we  most 
cordially  recommend.' — Sunday  Times. 

Private  Bill  Legislation  and  Provisional  Orders. 

HANDBOOK  FOR  THE   USE  OF  SOLICITORS  AND  EN- 
GINEERS Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provi- 
sional Orders,  for  the  Authorization  of  Railways,  Tramways,  Works  for  the 
Supply  of  Gas  and  Water,  and  other  undertakings  of  a  like  character.    By 
L.  Livingston  Macassey,  of  the  Middle  Temple,  Barrister-at-Law,  and 
Menaber  of  the  Institution  of  Civil  Engineers ;  Author  of  "  Hints  on  Water 
Supply.''    Demy  8vo,  950  pp.,  price  25s.  cloth. 
"  The  volume  is  a  desideratum  on-  a  subject  which  can  be  only  acquired  by  practical  experi- 
ence, and  the  order  of  procedure  in  Private  Bill  Legislation  and  Provisional  Orders  is  followed. 
The  author's  suggestions  and  notes  will  be  found  of  great  value  to  engineers  and  others  profession- 
ally engaged  in  this  class  of  practice." — Building  News. 


The  author's  double  experience  as  an  engineer  and  barrister  has  eminently  qualified  him 
■     •       ubj ■         •  •  ■ 


the  task,  and  enabled  him  to  approach  the  subject  alike  from  an  engineering  and  legal  point 
view.    The  volume  will  be  found  a  great  help  both  to  engineers  and  lawyers  engaged  ii 
Private  Acts  of  Parliament  and  Provisional  Orders."— Z.oca/  Geventment  Chronicle. 
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7y    A  SELECTION  FROM  WEALE'S  SEBIES. 

THE  JOINTS  MADE  AND  USED  BY  BUILDERS 

in  the  Construction  of  the  various  kinds  of  Enirineering 
and  Architectural  Works.  By  Wyvill  J.  Christy,  Architect. 
With  160  Engravings.     38. ;  cloth  boards,  3s.  6d. 

CARPENTRY  AND  JOINERY— The  Elementary 
Pringiples  of  Carpentry.  Chiefly  composed  from  the  Standard 
Work  of  Thomas  Tredgold,  C.E.  With  additions,  and  a 
TREATISE  ON  JOINERY  by  E.  Wyndham  Tarn,  M.A. 
Fourth  Edition,  revised.     Ss.  6d. ;  cloth  boards,  4s. 

CARPENTRY  AND  JOINERY,  Atlas  of  35  Plates 
to  accompany  and  illustrate  the  foregoing  book.     4to,  6s. 

THE  CONSTRUCTION  OF  ROOFS  OF  WOOD 
AND  IRON.     By  E.  Wyndham  Tarn,  M.A.     Is.  6d. 

HANDRAILING.  Showing  New  and  Simple  Methods  for 
finding  the  Pitch  of  the  Plank,  Drawing  the  Moulds,  Bevelling, 
*  ointing  up,  and  Squaring  the  Wreath.    By  Gr.  Collings.    Is.  6d. 

CIRCULAR  WORK  IN  CARPENTRY  AND 
JOINERY.  A  Practical  Treatise  on  Circular  Work  of  Single 
and  Double  Curvature.     By  George  Collings.     2s.  6d. 

THE  TIMBER  IMPORTER'S,  TIMBER  MER- 
GE ANTS,  AND  BUILDER'S  STANDARD  GUIDE.  By 
R.  E.  Grandy.     New  Edition.     28. 

QUANTITIES  AND  MEASUREMENTS  in  Brick- 
layers', Masons',  Plasterers',  Plumbers',  Painters',  Paper- 
hangers',  Gilders',  Smiths',  Carpenters',  and  Joiners'  work.  By 
A.  C.  Beaton,  Surveyor.     Is.  6d. 

THE  COMPLETE  MEASURER;  the'  Measuremeni 
of  Boards,  Glass,  Timber,  Stone,  &c.  By  R.  Horton.  Fifth 
Edition.     4s.,  limp  cloth ;  leather,  5s. 

LOCKWOOUS  BUILDERS  AND  CONTRACTOR' t 
PRICE  BOOK  for  1889.  Edited  by  Francis  T.  W.  Miller 
Architect.     38.  6d. ;  half-bound,  4s. 

THE  RUDIMENTS  OF" 'P'R  ACTIO  AL  BRICK 
LAYING.  By  Adam  Hammond.  Sixth  Edition,  revised,  wit! 
additions.     Illustrated  with  68  Woodcuts.     Is.  6d. 

BRICKWORK:  a  Practical  Treatise,  embodying  th 
General  and  Higher  Principles  of  Bricklaying,  Cutting  and  Sel 
ting,  &c.     By  F.  Walker.     Is.  6d. 

THE  PRACTICAL  BRICK  AND  TILE  BOOE 
Comprising :  Brick  and  Tile  Making.  By  E.  Dobson,  A.I. O.I 
Practical  I3ricklaying.  By  A.  Hammond.  Brickwork.  By  I 
Walker.     With  over  270  Illustrations.     63.  half-bound. 

SHORING  AND  ITS  APPLICATION:  A  Handboo 
for  the  Use  of  Students.     By  George  H.  Blagrove.     Is.  6d. 

THE  ART  OF  PRACTICAL  BRICK  CUTTING 
AND  SETTING.  By  Adam  Hammond,  Author  of  "  Practic 
Bricklaying."     With  90  Engravings,     la.  6d. 

CROSBY  LOCKWOOD  &  SON,  7,  STATION EES  HALL  COURT,  E. 
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